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The following pages, intended in the first place for the students 
in the Sheffield School Board's Central Higher School, are Kbb- 
mitted to teachers and students of chemistry, with the hope that 
they may be of service in other similar classes in preparing for the 
Science and Art Department's Examinations. 

The work is divided into two parts : — 

I. A course of Elementary Practical Chemistry. 

II. Notes and Questions on the Theoretical course of elementary 

Inorganic Chemistry, intended to supplement the student's 
manuscript notes of Lectures and to be used with or without 
a text book. 

The experiments herein described have been carefully selected, 
and are such as may be conveniently performed by young students 
in a laboratory. Many practical hints are given on the use of the 
apparatus, and for the careful performance of the experiments. 

The reactions of the metals required by the Department's 
syllabus are arranged in a tabular form, so that the various tests 
can be much more readily compared and remembered than by the 
ordinary arrangement of reactions. 

A large number of the Questions have been selected from 
Science and Art Department and other public Examination papers ; 
and the problems have been arranged to ensure a knowledge of 
principles rather than as long Arithmetical EfL^x^vs^^^^. 



IT PREFACE. 

The necessity for a large amount of practice in working chemical 
problems, especially in the earlier stages of the stady, is admitted 
by all teachers of chemistry, and it is hoped that the solutions of 
typical examples, and the various hints given, will enable the 
student, after a little thought, to answer any of the Questions 
without difficulty. 

The Notes and Questions have been in the hands of my pupils for 
some time, and to their use is laigely attributed the success which 
has attended the Day Classes (composed of boys from 12 to 14 years 
of age) held at the Sheffield Central School. At the past two ex- 
aminations held by the Science and Art Department in May, 1881 
and 1882, 218 papers have been worked in the Elementary Stage 
of Theoretical and Practical Chemistry inclusive. Not one student 
failed in either subject, and 60 per cent, obtained first class 
certificates and prizes. 

The Department's '' List of Experiments for the guidance of 
teachers *' and some blank leaves for notes are inserted at the end 
of the book. 

I am indebted to Mr. George Hirst, Assistant Science Teacher 
in this school, for having kindly read and corrected my manuscript 
and the proof sheets. 

Central Schools, Sheffield. W. B. 
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PART I. 



PRACTICAL CHEMISTRY. 



PART I. 
AM ELEMENTARY COURSE OF 

PRACTICAL CHEMISTRY 



1. INTRODUCTORY. 

{u) ''Strict order, great cleanliness and neatness/' are indis- 
pensable to success in Practical Chemistry. 

(6) Before experimenting, find out exactly what yoa are going to 
do, and what result you are to expect, and have everythiog ready 
beforehand. 

(c) If the result of your experiment is not what it should be, 
rest assured that the fault is with the experimenter. 8ome error 
has been committed, or something necessary to the successful result 
has been omitted. 

The laws of Nature are unchangeable ; a stone, when thrown up, 
always falls to the ground ; and the facts of Chemistry have been 
established by long and repeated trial and experiment. 

(d) The experiments in the elementary stage of Practical 
Chemistry are mostly confined to obtaining certain results, without 
reference to the actual weights of the quantities taking part in the 
reactions. Quantitative experiments follow, after some knowledge 
of qualitative Chemistry has been obtained. 

It is most important, however, to bear in mind that in every 
chemical change, whether it be the combination of elements to 
form a compound, or the splitting up of a compound into its com- 
ponent elements, the changes take place according to a definite fixed 
proportion hy weight. 

It is especially to impress this fiict upon young students that the 
numbers representing the weights of the substances are given with 
many of the equations. 

It should be noted that the totals on both sides of the iequationd 
are, of course, invariably equal. Numerous exercises on these are 
given in Part II. Bead Question 857, Part II. 
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2. Hints on the Constraotion and Use of Apparatus. 

(a) To lore a hole through a cork, — Use a cork borer a shade 
less in diameter than the glass tube to be fitted ; wet the cork 
borer ; begin at the small end of the cork ; push and twist the 
borer ; notice as you proceed by looking along itie axis of the cork, 
and at the same time turning it round, that l£e cork borer is going 
through parallel i^ith the axis of the cork in any position* Be* 
member, the hole has to be cut, not forced through. Grease or 
wet the glass tubing before pushing it into the cork ; twist the tube 
as you push it, and do not be in a hurry. The glass tubing 
should be held in a duster or towel, in case it should break. 

(b) To cut glass tubing, — Make a little notch in the glass with 
the edge of a file by drawing the file (not too hard) across the tube 
two or three times. Break it by laying it on the thumbs with the 
notch outwards and between the thumbs, and giving a sudden 
gentle pull of the fingers and push of the thumbs. The sharp 
edges should be rounded a little by heating with the blow-pipe 
flame. 

(c) To bend glass tubing. — Hold the tubing in the flame of an 
ordinary batwing gas burner — this flame enables us to heat a 
greater length of tubing at once than with the Bunsen flame. 
Keep the glass towards the top of the flame, and turn it round with 
both hands till it softens ; then remove the tube from the flame, 
and allow it to bend almost of itself to the required shape. 

(d) To ** draw out " glass tubing to a jet, — Hold the piece of 
tubing in both hands, and heat it at a point between the hands in 
the upper part of the Bunsen flame ; turn it round until soft, then 
remove it from the flame and draw the two ends apart. 

(e) Corks must be carefully fitted ; if your cork leaks it will be 
better to bore another than to waste time patching it up. 

(/) Glass vessels to be heated should be made of thin glass. 
Thick glass vessels invariably crack when heated, unless great care 
is taken. Always use wire gauze or a sand bath when heating 
glass flasks or beakers over the Bunsen flame. 

(g) Thistle funnel tubes (see Hydrogen Apparatus), unless they 
have bulbs, must be placed under the liquid in the flask. Delivery 
tubes should not come far below the cork, and must, of course, be 
well out of the liquid. 

To maJee a Wash Bottle.— T&kB a clean wide-mouthed flask 

holding about a pint, and fit to it a sound cork. You will now 

regaire some glass tubing about ^-inch outside diameter. With a 
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cork borer of suitable diameter bore two holes through the cork 

parallel to one another. Cat off a piece of 

tubing equal in length to twice the height 

of "the flaBk. Abont two inches from one 

end draw it ont to a jet. Cat off the end 

and arrange to have a small hole through 

the jet after ronnding the sharp edges of the 

glass in the flame. Now bend the tube aa 

shown in Fig. 1 so that when in its place 

and reaching nearly to the bottom of the 

flask the bend shall be jast above the cork. 

For the second hole, bend another piece of 

tubing as shown. no- ^^ 

Nearly fill the bottle with distilled water. If now the student 
blow tlirongb the short tube, the pressure on the surface of the 
water will force the water up tbe long tube and ont through 
the jet. 

The ^paratns is used for washing precipitates on filters, and as a 
store of warm water. 

3. Preparation of pare DiBtUled Water from Salt 
Water. 





Fta 2 



Fit np an apparatus as in Fig 2 Dissolve some salt in water 
in a fla^ and poor first a little of the salt water mto a test tube. 
Add to the Bolntion in the test tnhe a few drops from the bottle 
labelled tUver nitrate; a dense white cnrdy fiteci^vWjt. cS. vt^et 
diloride is formed which di8Bol7ea,^'b«ikum.'(iiCica».wJBJas>'&.^8>%A^'^ 
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to it. Yon will soon be familiar with this tost, as it is always need 
to detect the presence of chlorides (comuion salt=:Bodinm chloride). 
Four the retoaindor of the salt water ioto the bnlb of the retort ; 
see that the retort is dry od the outside ; use the wire gauze and 
apply heat. The water boils and is converted into steam, which 
passes over and ie condensed in the fiask. The flask fits loosely in 
the neck of the retort, and is kept cold by allowing a stream of cold 
water to flow over it. The boiling must not be continued to drycess 
la the retort, but when tbe liquid has reached a small bulk, poor 
out into an evaporatiog dieh and set aside to cool. Crystals of 
sodium chloride separate out. 

Take the flask containing the iireshly distilled water and ponr out 
into a perfectly clean test tube. Now add to this a few drops of 
silver nitrate ; no precipitate appears, showing that the distilled 
water which you have obtained is perfectly free from the salt which 
was previously dissolved in it. 

Sailors carry a distilling apparatus and in a similar way obtain 
perfectly pure water from sea water. Raio is distilled from the sea 
by the heat of the sua. 

4. Illustration of the Formation of a Chemical Com- 
pound fi'om a Mechanical Mixture. 

Place some finely powdered salphur in a small flask and drop 
in some bright copper turnings on the 
salphar. We now have a mechanical 
mixture of copper and enlphur. 

Place the flask on a tripod stand, and 
heat carefully over the BuDsen flame. 
The whole apparatne should stand in 
youTpnenmatic trough containing a little 
water in case the flask shoald break. 

Tbe snlphurfirst melts, then blackens, 
and at length boils. Tbe particles of 
copper now become red hot, and imme- 
diately vigorous chemical action com- 
mences ; the burner may be removed, 
the copper and snlphnr are uniting together to form a new com- 
pound, and in doing so give out intense light and heat, and glow 
with great briUiancy. 

- This experiment is a type of most of the experiments to be per- 
formed with the elementary gases in the following pages. 

When the flask is Cold you will find, on examining the residue, 
^Aat ib& masB 18 biask, oaA resembles neither copper nor sulphur; 
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it ie, in fSact, a compound entirely different in its properties from 
either of the two substances composing it. The name given to the 
compound is Copper Sulphide. 

The copper unites with the sulphur, not in ii-regular or varying 
quantities, but in a certain fixed and definite proportion by weight. 
The proportion is 68*5 parts by weight of copper to 82 parts by 
weight of sulphur. This mixture when heated gives a total of 95*5 
parts by weight of copper sulphide. 

This result may be illustrated by an equation thus : — 
CvL + S = CuS 

copper + sulphur = copper sulphide 
63-5 + 82 = 95-5 

The numbers 68*5 and 82 represent the atomic weights of copper 
and sulphur and these numbers are fixed and invariable for these 
substances. 

A table of the atomic weights of the elements is given on page 68, 
Partn. 

Any excess of, say sulphur, in the above experiment, would 
remain in the flask unoombined, and in that case we should then 
have a mixture of copper sulphide and sulphur. 

5. To Show the Presence of a Metal in a Solution of 

Blue Vitriol. 

Dissolve a small crystal of blue vitriol (copper sulphate) in a test 
tube half full of hot water ; add one or two drops of HCl and 
immerse a clean knife blade in the liquid. In a few minutes the 
blade is coated with red metallic copper, which looks bright when 
rubbed. If the blade remain immersed for some time, all the 
copper is deposited on it, and the solution loses its blue colour. 
Now immerse another clean knife blade in the colourless solution ; 
no further deposit of copper appears. 

Two questions will present themselves to the student (i) Has the 
knife blade been affected? (ii) What is now contained in the 
liquid ? Let the following equation answer these questions : — 

Pe + CuSO^ = FeSO^ + Cu 

(blade) ) immersed f copper sulphate ) ^ f ferrous, sulphate ) _]_ f copper 
iron ) in 1 solution ) ( solution it deposited 

66 + 169-5 = 152 + 63-6 

The equation shows us (i) that the iron of the blade and the 
copper of the copper sulphate solution exchange places ; and for 
«very 68*5 parts by weight of copper deposited on the blade, 56 
parts by weight of iron are dissolved to take the place of the cop- 
per ; and (ii) that at the end of the experiment the solution contain^ 
ferrous sulphate (Lat. ferrum, iron^ \nAti&«i& oi ^^or^'^^x 5sq^:^qs^^« 
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The nmnber 159-5 ib obtained by taming tp the Table of Atomic 
Weights and adding together the neigbte of copper, of solphar, and 
four times the weight of ozvgen = 68-5 + 82 + (16 X i) 
= 68-5 + 82 + 64 
= 169 B 

The number 152 is obtained similarly. 

To prove whether iron really has been dissolved in the Bolntioui 
add to it a few drops from the bottle on your bench labelled 
Potamum Ferroryayiide. If iron is present you will see a light 
bine precipitate 'which rapidly turns to dark blue ; if copper is 
present the precipitate formed is brown. 

6. HYDROGEN (H). 
Preparation. By the action of dUnte Sulphorlo or 
Hydroolilorio Acid on Zlno. 
Fit np the apparattts as in Fig. 4. 




s carefully itt the flask (hold the flask 
on its side or you may knock the bottom out) ; pour on water till 
the zinc is covered, and add a little Bulpburic acid by the tbistle- 
fannel tube. Zinc sulphate is formed and hydrogen is given off, 
at first mixed with air. 

Zn + H^Oj = ZnSO, + H, 

ElBfl. Hnlphqrio told. lino nlpluM. hjdra^flii. 

66+98 = 161 + 2 

Collect a test tube fall and apply a light; H explodes sharply. 
The hydrogen united exploaively with the oxygen of the air con- 
tained in tbia flask to form water. Continue to collect the gas in a 
test tube, nntil, on applying a light, it bams quietly. 



HYDROGEN. 



All the air has now been driven out of the flask, and the hydrogen 
is pore. Collect three jars of the gas. 

Jar 1. — Apply a lighted taper ; the gas burns with a blue flame, 
and in doing so forms water. Notice the deposit of moistore on the jar. 

Jar 2. — Pour the hydrogen upwards into a jar of air held with its 
month over the jar of hydrogen (Fig. 5.) Apply a lighted taper to 
the upper jar ; an explosion occurs ; the lighter hydrogen has risen 
and mixed with the air. 




Fig. 5. 




Fig. 6. 



Jar 3. — ^Hold the jar mouth downwards (Fig. 6), and push up 
into it a lighted taper (a piece of taper tied on the end of a wire). 
The hydrogen burns where it comes in contact with the oxygen of 
the air, but the taper is put out. It may be relit at the mouth of 
the jar, and put out again several times. 

Experiment, — Remove the delivery tube from the flask, 
and insert a small piece of glass tubing drawn out to a 
jet at one end, and cut slanting at the other (see Fig. 7). 
The air is all expelled, and the jet may therefore be 
lighted if the tube is inserted quickly. Hydrogen mixed 
with air explodes when a flame is applied to the mixture. 
Never bring a lighted taper near a hydrogen apparatus 
till you are quite sure it is jree from air. The jet bums 
Bteadily with formation of water. 

Hj + = HjO 

Hold over the flame a dry beaker ; the water formed 
by the union (burning) of the hydrogen and oxygen rises 
as steam, and is condensed on the cold sides of the 
beaker* ^v^.^. 



i 
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Snminary of properties. Hy- 
drogen bamB in air ; is lighter than 
air ; will sot support combaation ; Trhen 
burnt in the air forma water. 

TIte residue in the fiaak is a soln- 
tion of zinc snlpbate. Filter into an 
eTaporating disb or beaker, and boil 
down to a small bulk. Allow to cool ; 
when cold notice eryatala of ZnSO,. 
If any zinc remain Dndiasolved , wash it 
with water for futare use. 

FiQ. 8. 
7. OXYGEN (0). 
Preparation. (1) By heating meronrio oxide (HgO). 
Place a little mercuric oxide in a dry teat tabe and heat. The 
mercnric oxide is split np into mercury and oxygen ; thus, 
HgO = Eg + 

merciirlc memuy. oxygen. 

216 = 200 + 16 

The red powder becomea black, and little globnlea of mercury 
appear on the cool part of the tabe. Keep the thumb loosely on 
the mouth of the tube while heating ; and test for oxygen by 
lighting a match, blowing it out again, and inserting the spark, 
which atill remains at the end of the match, into the tube. The 
match is rekindled. 

(2) By heatiog potaBsinin chlorate (KCIO,). 
Heat gently a little potassium ohlorate in a test tube ; it melta, 
effsrvescea, and givea off oxygen. Test for oxygen as above. 
Potassium chloride remains. 

KCIO, = KCl + 0, 

potaiiiuDi poUuiam oyjgflo. 

chlDFHle. clilDrlls. 

122-6 = 74-5 + 48 

Distinction between potassium chlorate and potasiium chloride. 
When cold, add a little water to the residae in the tube uaed in the 
above experiment ; the potassium chloride diaaolves ; add one or 
two drops of silver nitrate ; a white curdy precipitate of silver 
chloride is formed (see teats for HCl, page 47). 

KCl + AgNO, = KNO, + AgCl 

fiUnM- nlttrnto. oUorlde. 



DiasoWe a cryeUl of potassinm chlorate in distilled water, oad 
add a drop or tvo of dlTor nitrate ; no precipitate is formed. 

(3) By heating » mlxtare of potaiiliim chlorat* and 
manganeie dlozlda. 




Fit np tbe apparatus Bimilar to tbat abown in Fig. 9. Uae a large 
test tube and fill it one-tbird fall with potassinm chlorate mixed 
iritb abont one-foarth of its weight of manganese dioxide. This 
mixtnre liberates oxygen at a lower temperature and with greater 
rapidity than potassiom chlorate alone. The oxygen ia obtained 
firom the potassinm chlorate, the manganese dioxide remaining 
unaltered : — 



MnO, 



- KCIO. 



: MnO, + KC! + Og 



Apply beat, beginning at the npper surface of the substance and 
gradaally moving the bamer towards the bottom of the tube. 
Collect five jars of the gas, three at first and two more afterwards. 
When the oxygen ceases to be evolved remove the beat ; take the 
delivery tabe ont of the water, otherwise as tbe gas in the test tabe 
«ooIb and contracts, the cold water will be forced ap the tube and 
irill crack the apparatni. 

Jar i.— Fix a piece of taper to an iron wire ; light it and im- 
merse it in oxygen. It bums mocb more brightly than in air. 
Take the taper out, blow it ont. leave a spark, and again immerse 
it. The spark hursts into flame. No other gas behaves in tha 
tttne way (except uitroos oxide). 
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The taper contains carbon and bydrcgen; the carbon unites 
(bums) with the oxygen to form carbon dioxide, 

C + Oa = CO2 

carbon oxygen carbon dioxide 

12 + 82 = 44 
the hydrogen unites (burns'^ with the oxygen to form water. 

Ha + O = H,0. 

hydrogen oxygen water 

2 + 16 = 18 

To prove the presence of carbon dioxide in the jar after burning 
the taper, add clear lime water and shake up; the lime water 
becomes milky (see page 17). 

To prove the formation of water when a taper bums, take a per* 
fectly dry beaker and invert it over the flame of a taper burning in 
the air. Notice the immediate appearance of condensed steam on 
the sides of the beaker. 

The result of the combustion of a taper is precisely the same 
whether it is burnt in air or oxygen ; air is oxygen very much 
diluted with nitrogen (79 vols, of N to 21 vols, of 0). The 
nitrogen takes no part whatever in the burning. 



Jar 2. — ^Place a piece of charcoal in a deflagrating spoon, 
ignite it in the Bunsen flame, and immerse it in oxygen. It bums 
very brightly with formation of carbon dioxide gas. 

C + O, = CO, 
12+82 = 44 

Kemove the charcoal, add lime water and shake up; the lime 
water is tnmed milky. 



Jar 3. — ^Place a small piece of sulphur in a deflagrating spoon, 
ignite in the Bunsen flame, and immerse it in oxygen. The 
sulphur bums with a beautiful blue flame, forming sulphur 
dioxide gas. 

S + 0, = SO, 

anlphor oigrgen snlphor ^oxide 

82 + 82 = 64 
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On addition of water to the jar this gas readily dissolves in the 
water, forming snlpharons acid (H^SO,). 

SO, + H,0 = H.SO, 

Poor into the jar a little blue litmns solution, it is turned red. 
Acids turn blue Htmus red. 

Jar 4. — Pour a little water in this jar, just sufficient to cover the 
bottom, to prevent the sparks from cracking the glass. Coil about 
18 inches of very fine iron wire round a piece of glass tubing, 
so as to make a spiral. Fix one end of the wire in a cork to fit the 
jar, and attach to the other end a piece of wax taper. Set fire to 
the taper and immerse the whole in the oxygen. The heat from 
the burning taper enables the iron to unite with the oxygen; 
beautiful sparks of oxide of iron fly out in all directions. 

8 Fe + 20, = Fe, 0^ 

iron oxygen trif errio tetroxide 

168 + 64 = 282 

Jar 5.~The teacher will cut off (under water) a piece of phos- 
phorus, about the size of a small pea. Carefully dry it between 
blotting paper, and put it on a clean dry deflagrating spoon ; set 
fire to the phosphorus by touching it with a hot wire and immerse 
in the oxygen. Combustion takes place with intense brilliancy ; 
the bottle is filled with dense white clouds of solid phosphorus 
pentoxide (PjO^) 



4P + 60, = 2P 0, 

photpnoroi 
p«nioxid« 



pbofphomi oxjgcn photphoroit 

penioxb' 

124 + 160 = 284 



In a short time the white clouds disappear, being dissolved by the 
water in the jar with formation of phosphoric acid (H^PO^). 

P,0, + 8H,0 = 2fl3PO, 

Add blue litmus solution, it is turned red. 

Wipe a gas jar perfectly dry and fill it with oxygen by down- 
ward displacement. 

Jar 6. — See that your fingers are dry. Cut off a small piece of 
sodium about the size of a pea. Be very careful to keep the sodium 
away from water. Place the sodium in a drtj ^tl^ cleau ^^^^Ai^^^li^^ 
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spoon ; ignite in the Bunsen flame and immerse in the dry jar of 
oxygen. It boms brilliantly, forming sodium oxid6. 

Na, + = Na^O 

sodium oxygen sodinxn 

oxide 

46 + 16 = 62 

When cold, dissolve some of the white sodium oxide remaining in 
the spoon, in water in a beaker ; sodium hydroxide (NaHO) is 
formed : — 



Na,0 + H,0 = 


= 2NaH0. 


sodiom water 


sodium 


oxide 


hydroxide 



Place the beaker containing the solution of sodium hydroxide, side 
by side with the jar in which the sulphur was burned, and which 
now contains a solution of sulphurous acid. Into a clean test glass 
pour a little blue litmus solution ; add to it a little of the sulphurous 
acid ; the blue litmus is turned red. Now add drop by drop the 
sodium hydroxide solution ; a point is soon reached when a further 
addition of one drop of the sodium hydroxide will turn the solution 
blue. This is the neutral point. These two substances, sodium 
.hydroxide and sulphurous acid, are examples of the two classes into 
which hydroxides are divided, viz. : — Alkaline or basic hydroxides, 
and acid hydroxides. They are opposite in properties, and when 
united they neutralize one another forming salts, thus : — 

2NaH0 + H.SO, = Na.SOg + 2H,0 

alkali acid. sfUt. water, 

or base (sodium sulphite.) 

Sammary. Substances bum more readily in oxygen than in 
air. Elementary bodies burn in oxygen to form oxides. The 
weight of the oxide formed is always greater than the weight of the 
substance taken before its union with the oxygen ; the weight of 
the oxide, in fact, is exactly equal to the weight of the substance 
taken plus the weight of the oxygen with which it united (see 
equations). Some oxides unite with water to form alkaline 
hydroxides ; other oxides unite with water to form acid hydroxides. 

The residue in the oxygen apparatus is a mixture of potassium 
cJUoride and manganese dioxide. Add water to the test tube and 
warm ; the potassium chloride dissolves ; filter ; the manganese 
dioxide remains as a residue on the filter, the solution of potassium 
chloride passes through. Test a little of the solution for the 
presence of chloride with silver nitrate as before. Boil down the 
remainder of the solution in an evaporating dish to a small bulk ; 
ifjyv^algr ofpotaasinm chloride separate out on cooling. 



8. OHLORZNI! (01). 

Fnparation. By heatlsg together manganMe diozld» 

And itrong hydroohlorlo add. 




Fit; up an apporatiiB aa shown in Fig, 10. 
The apparatna being rea^y, poar a little IICI into tho flaak and 
rinse it round, so as to wet tbo inside. 

Now odd about an ounce of manganene dioxide in tho form of 
xmall lamps, free from powder, if possible, end pour on aufficiant 
fitrong eommorcial HCl to cover the solid ; shake until well mixed, 
fix tbe cork, and beat over a sand bath. 



MnO, + 



87 



MnCI, + CI, + 2H,0 



146 



12a 



71 + 



Chlorine, a yellowish green gas, ia readily given off, and man- 
ganoua chloride and water remain. As the gas ia very injurious 
when breathed, it should bo prepared in a draught closet. Cblorine 
cannot be collected over cold water, as water at 17°C dieaolves 
abont 2^ tjmes its volnme of the gas ; but, being a heavy gaB, it 
is convenimtly collected by downward displacement (density of 
CI = d6'5,'deiuity of -air = 14*42). Bee that your jars are dry. 
Collect five jars of tbe gas, three at first asd two more afterwards ; 
the jars are full when the yellowish green colour of the gas extends 
to tbe top of the jar, seen beat by ^ MU.m% «t ^iaft«\ ol 'jfa**:. ■^wtfst; . 
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behind the jar. Cover the month of each jar with a greased glass 
plate. Let the chlorine also pass into a beaker containing cold 
distilled water. The water will become yellow; it possesses all 
the properties of the gas, and is termed cJdoHne water. 

Jar 1. — ^Place a lighted taper in the jar. The taper continues 
bnrning, bat with a dull, smoky flame. The hydrogen of the taper 
unites with the chlorine (hence the burning) to iotm HCl ; the 
carbon of the taper is deposited as soot. 

Jar 2. — Moisten a strip of filter paper, or a piece of tow, with 
turpentine, and immerse in the chlorine. Turpentine (Cj^Hj g) 
also consists of hydrogen and carbon ; therefore HCl is formed, 
and soot again deposited. 

Cj^H,, +8C1, = 16HC1 + IOC 

turpentine chlorine hydrochloric carbon 

acid (soot) 

The paper or tow often takes fire. 

Jar 8. — Take some finely-powdered antimony and shake a little 
from the end of a knife into the jar. Brilliant sparks appear, and 
chloride of antimony is formed. Put the glass plate on immediately, 
as these fumes are highly poisonous. 

Sb + CI3 = SbClj 

antimony chlorine antimony 

chloride 

322 + 106-5 = 228-6 

Jar 4 (perfectly dry). — Put a small piece of sodium on a dry 
clean deflagrating spoon ; heat it in the Bunsen flame till melted, 
and immerse in the chlorine. The sodium unites (bums) with the 
chlorine, forming sodium chloride or common salt. 

Na + CI = NaCl 

sodlmu chlorine sodium 

chloride 

23 +85-5= 58-5 

Jar 5. — Put a piece of coloured cloth, with one end moistened 
and the other end dry, into a jar of chlorine. The moistened part 
of the cloth is bleached, while the dry part remains unaltered. The 
chlorine unites with the hydrogen of the water liberating oxygen, 
which unites with the colouring matter to form a colourless com- 
pound. 

The chlorine water. To a little litmus or indigo solution in a 
test glass, add chlorine water. The colour is destroyed* 

Experiment 1. — ^To a weak solution of potassium iodide (El) add 
a little starch solution ; then one or two drops of chlorine water ; 
ite clear solaiion becomes deep blue in colour* 
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The chlorine decomposed the potassium iodide, liberating iodine. 

KI + CI = KCl + I 

potassium chlorine potassinra iodine 
iodide chloride 

The Hberated iodine unites with the starch, forming a blue com-' 
pound. 

Experiment 2. — To a solution of potassium bromide (KBi) add 
a drop of chlorine water ; the clear solution becomes yellow, owing 
to the liberation of bromine. 

KBr + CI = KCl + Br 

potassium chlorine potassium bromine 
bromide chloride 

Summary of properties. Chlorine is a yellowish green gas, 
heavier than air ; soluble in water ; does not burn ; a taper burns 
in it with a smoky flame ; metals bum in it to form chlorides ; it is 
a powerful bleaching and oxidising agent; displaces iodine and 
bromine from their salts. 

9. HYDROCHLORIC ACID (HCl). 

Preparation. By the action of strong sulphuric acid 

on sodium chloride. 

Fit up an apparatus similar to that for chlorine, Fig. 10. Place 
about half an ounce of common salt in the flask (rock salt broken 
into small lumps is better). Add some strong sulphuric acid very 
gradually by the thistle funnel tube, the end of which should be 
below the solid salt. The exact proportion of acid to salt is seen 
by the equation — 

NaCl + H,SO, = NaHSO^ + HCl 

Bodimn sulphnric acid sodinm hydrochloric 

chloride. acid. sulphate. acid. 

58-5 + 98 = 120 + 86-5 

Hydrochloric acid gas is liberated, and acid sodium sulphate 
remains. 

The gas comes off at flrst without heating, and, if common 
loose salt is used, with much frothing. As soon as it slackens, 
heat gently on a sand bath. Owing to the great solubility 
of hydrochloric acid gas, it cannot be collected over water, 
but is collected by downward displacement. (Density of 

HCl = ^+^^'^ = 18-25 ; deusity of air, 14-42.) 

Thoroughly dry your gas jars, and collect two jars of the ^aa. 
When fumes proceed from the mouth oi\2bfe «t^ V5»N& ^^^N ^'^'^ 
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each with a glass plate. Make a solntion of HCl hy passing the gas 
into a beaker containing a small quantity of water. The gas is 
quickly absorbed by water, and care must be taken that the water 
does not flow up the tube ; in such a case increase the heat, and» 
if necessary, remove the beaker. 

Jar 1, — Invert the jar, and place it mouth downwards in water 
coloured with blue litmus ; remove the glass plate. The HCl gas 
is absorbed by the water, a vacuum is thus formed, and the water 
is forced in by the air and Alls the jar. The blue colour of the 
water is changed to red, showing that HCl is an acid gas. 

Jar 2. — Wet a strip of filter paper with ammonia solution, and 
hold it in the jar ; dense white clouds of ammonium chloride are 
formed. 

NH3 + HCl = NH.Cl. 

The solution, — Add a little blue litmus solution, it is at once 
turned red. Now add some sodium hydrate solution and stir with 
a glass rod ; when sufficient alkali (NaHO) has been added to 
neutralize all the acid (HCl), the addition of another drop of sodium 
hydrate will turn the solution distinctly blue. Carefully obtain the 
neutral point ; taste the solution ; a salt, namely sodium chloride 
(common salt), has been formed. 

HCl + NaHO = NaCl + H,0. 

acid. base. salt. water. 

Evaporate to a small bulk and obtain crystals of sodium chloride. 

Summary of properties. Hydrochloric acid gas is heavier 
than air, is very soluble in water, reddens blue litmus, forms salts 
called chlorides when added to bases. 

10. CARBON DIOXIDE (CO J. 

Preparation. (I). By the action of acids on carbonates. 
(2). By burning carbon (charcoal) in air or oxygen. 

Fit up an apparatus similar to that for hydrogen. Fig. 4. Place 
in the flask some pieces of marble or chalk (calcium carbonate) ; 
pour on water till the pieces are covered, and add hydrochloric 
acid through the thistle funnel tube ; great effervescence occurs, 
due to the escape of carbon dioxide gas from the carbonate, thus — 

CaCOg + 2HC1 = CaCl^ + CO^ + H,0 

chalk or marble. hydrochloric calcium chloride. carbon water. 

• acid. dioxide. 

aOO + 78 = 111 +44+18 
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Collect two jars of the gas over 
water, and coyer each with a ghiss 
plate ; then pass ^e gas into a 
beaker containing lime water (Fig. 
11); the lime water becomes milky 
owing to the formation of insoluble 
ealcinm carbonate (chalk), the little 
solid particles of which float about 
in the water. 

Ga(H0)3 + CO, = 

oalciun hy^at* carbon 

(lime water). dioxide. 

Again pass the gas for a few minutes into a solution of sodium 
hydrate contained in a test glass or beaker ; sodium carbonate is 
formed, but unlike the calcium carbonate it is soluble in water, 
hence no milkiness or precipitate appears. 

2NaH0 + CO, = Na.CO, + H,0 

■odium hydrate. carbon dioxide. sodinm carbonate. water. 

To show that a carbonate has actually been formed, add a few 
drops of HCl, and notice the effervescence which occurs, due to the 
escape of CO , from the sodium carbonate present. 

Na,CO, + 2HC1 = 2NaCl + CO, + H,0 

sodinm carbonate hjdroohlorie . ttodiam chloride carbon water. 

acid chloride. diezide. 

Jar 1. — Introduce a lighted taper ; the gas does not burn, and 
the taper is immediately put out. Pour in a little blue litmus 
solution and shake up. The litmus becomes deep red in colour ; 
carbon dioxide added to water becomes carbonic acid. 

CO, + H,0 = H CO, 

carbon dioxide water earbomc aeid 

Boil this red solution in a beaker, the carbonic acid (H,CO ) 
is decomposed, CO, is driven off, and the red solution agam be« 
comes blue. 

Take a clean, empty jar (containing air only), pour into it a little 
lime water and shake up ; the lime water does not become milky. 

Jar 2. — Pour the carbon dioxide from this jar into the clean jar 
just mentioned, in the same way as you would pour water ; the 
carbon dioxide, beiug heavier than air, falls into the lower jar, 
taking the place of the air. Again shake up the lime water ; it is 
at once turned milky. 
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Snmmary of properties. C&rbon dioxide tarns limfl nater 
mQk; ; fornu earboiuttes when passed into solntiDnB of hydrateB ; 
does not bnm ; pats oat a lighted taper ; forms an scid vitb 
water; ii Iieavier tlian air. 

The apparatus. — Four off part of the solatioa of caldom chloride 
on a filter ; test the dear filtrate for calcinm and chloime b; 25, Ga, 
4; and S6, HCl 1.* Throw away the remaining liquid, and wash 
the marble or chalk with water for fatnre nse. 

11. ^ITBOGEH (N). 

Preparation. By removing the oxygen Horn a oonflned 

volume of air hy the aid of phosphoms. 




Dry a small piece of phoBpfaoras between blotting paper (see 
osygen, jar 6), place it in a little dry porcelain dish or cover, and 
allow the dish to float on water in a pneumatic trough. Ignite the 
phoBphomB with a hot wire, and cover it at once with a bell jar, 
tightly corked. At £rBt a few bubbles of air escape, owing to 
expansion through the heat of combustion. Dense white clouds of 
phosphorus pentoxide (P,Oj) are formed, which are soon dissolved 
in the water to form phoBphorio acid (H,PO^), and the water rieeB 
about one-fiflh up the jar to take the place of the oxygen which has 
united with the phoepboruB. The gas which remains is nitrogen. 
"When the white elouds have settled, remove the cork and put a 
lighted taper in the jar. It is at once extinguished. Nitrogen will 
not bnm n<a support combostioB. 

' ^Ci,t, aemai ptngrtpb S6 (Table ol Keufiout, utlobUB doluno, tail nuDber *, 
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~ Add blue Htmiu lotntioD to the mfei id the trooi^. It is turned 
r«d by the phosphoria acid. 

8iiiiuiiar7. Air conaista of oxygen and nitrogen. The gaaea 
are mixed together in the proportion by volame at 71) of nitri^n 
to 21 of oxygen (nearly 4 to 1). Nitrogen will not bom, nor allow 
ft taper to hum in iL 

Non. — Do not attenpt to ignite the Emiil parUals of phoapbonia 
which ma; ratuin imbnTtiad, m it will ptob&bly b« wet, and would fly 
■bont. It ahoiUd be pnt into a bottle contaiuillf; water. 



12. AMMOHIA (NH,). 

Freparatlon, By the addition of one of the alkaline 
hydrates— ^.^. EHO, NaHO, Ca(HO},— to any salt of 
ammonium ; nsnally by heating blether lime 
Ca(HO), and anunoninm chloride. 




Fit Dp an apparatna as abown in Fig. 13. 

Powder some ammoniom chloride in a mortar, mix with this 
aboat the aame weight of slaked lime, tmd pnt the mixtare into the 
flaak. Axld a little water, and siir so aa to make a tlufik -^t^Jb. 
Fix the cork and tube, let the ^i«xa\>Q(V*>^te&i^^«xA\v«R&.%s(&^ 
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over a sand bath or wire gauze. Ammonia is rapidly given off; 
thus, 

2NH^C1 + Ca(HO)^ = CaCl, + 2H,0 + 2NH, 

anunonium caloimn calcium water. anmionia. 

chloride. hydrate. chloride. 

107 + 74 = 111 +86+84 
Oalciam chloride and water remain in the flask. 

Owing to its extreme solability, ammonia cannot be collected 
OTer water, but being lighter than air 

(density of NH3 =l:*±-^=8-6 ; density of air= 14-42) 

it is readily collected by upward displacement. To find when the 
jar is full, hold a piece of moistened red litmus paper just above the 
mouth of the jar on the outside ; when the ammonia overflows, the 
paper is turned blue. 

Collect two jars of the gas, and cover each with a glass plate ; 
then pass the gas for a few minutes into a little distilled water in a 
beaker. See that the water does not flow back into the apparatus. 

Jar 1. — Invert it in a vessel of water coloured with red litmus 
solution and remove the glass plate ; the ammonia is absorbed by 
the water, a vacuum is thus formed, and the water is forced in by 
the air and fills the jar. 

NH3 + H^O = NH^HO 

ammonia water ammonium hydroxide 

The red colour of the water is changed to blue, shovnng that 
ammonia has an alkaline reaction ; alkalies turn red litmus blue. 

Jar 2, — ^Moisten a strip of paper with HCl, and immerse it ia 
the jar ; white clouds of ammonium chloride (NH^Gl) are formed. 

The solution. Take a little blue litmus solution in a test tube^ 
and add one drop of HCl, the blue colour changes to a bright red ; 
leiow add one or two drops of the ammonia solution, the colour is 
again changed to blue. Ammonium hydroxide, like sodium hydroxide, 
neutralizes acids forming salts. Neutralize a small quantity of 
HCl with your ammonia solution ; use litmus paper to detect the 
neutral point. 

NH^HO + HCl = NH^Cl + H,0 

ammonium hydrochloric ammonium water 

hydroxide acid chloride 

Evaporate carefully to dryness in an evaporating dish and observe 
the white solid ammonium chloride obtained. Continue the heat 
strongly in the draught cupboard; white clouds arise and the 
juomomTom chloride completely disappears (volatilizes). 



NITRIO ACID. 21 

Summary of properties. Ammonia is a very light gas ; is 
very soluble in water, forming ammonium hydroxide ; turns red 
litmus blue; neutralizes acids, forming salts of ammonium; salts of 
ammonium are volatile. 

13.— NITRIO ACID (HNO3). 
Preparation. By the addition of strong snlphnrie aoid 
to potassium nitrate (nitre). 



Fio. 14. 

Fit up an apparatus similar to that for distilling in Fig. 2. Remove 
the stopper and place in the retort an ounce of potassium nitrate 
(see Fig. 14), then add carefully through a funnel (placed in the 
hole for the stopper) sufficient strong sulphuric acid to cover the 
salt, see that none of the nitre or sulphuric acid gets into the neck 
of the retort. Replace the stopper, and when ready apply a gentle 
heat to the bulb of the retort through a wire gauge. Allow a small 
stream of cold water to flow over the flask. The nitric acid readily 
distils over and is condensed in the flask as a yellow liquid. 

KNO3 + H,SO^ = KHSO^ + HNO3 

* potassimn snlphnrio add potaBsinxn nitric aoid 

nitrate acid sulphate 

101 + 98 = 186 + 68 

The red fumes which will be observed are due to the escape of 
lower oxides of nitrogen. 

When the boiling has ceased in the retort, and no more red fumes 
are seen, remove l£e burner, disconnect the apparatus, remove the 
stopper, and while the substance is still liquid pour it into a dry 
evaporating dish. The substance solidifies ; it is acid potassium 
sulphate. (See equation.) Be very careful in pouring from a 
retort, to hold the stem in an upright position. 

The nitric aeid. Test separate small portions of the liquid in the 
flask by the nitric acid tests. (26, Nitm ^•^V 
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14. NITROUS OZZDB (N.O). 
Preparation. By heating ammoninm nitrate. 
Prepare sa apparatus ae ehown in sketch ; nse a diy flask. 




Fie. 10. 



Preparation of the ammonium nitrate. — Poar some dilute Ditrie 
aeid into an eraporating basin ; now add carefully, with continaed 
stirring, dilute ammonia solution tiU the mixture is neutral to test 
paper. The nitric acid and ammoniam hydroxide reaet upon one 
another, forming ammonium nitrate and water, thus : — 



HNO, 



NH,HO = NH NO, + H,0, 



Evaporate nearly to dryness, then warm till dry on a sand bath* 
Wbon cold break np the salt into small pieces and place in the flask- 



Apply beat earefoUy to the flask through a wire gauze (a strong 
beat may break the flask) ; at first air is driven off owing to its 
expanBion by the heat ; the salt melts and froths up ; remove the 
burner till the frothing subsides ; me a small Jtamt, and proceed to 
collect three jars of the gas. When the jars are full, remove the 
delivery tube from the water immediately, (many accidents occnr 
throagh neglect of this precaution). 
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The ammoniam nitrate is split np into nitrons oxide and water, 
thns: — • 

NH^NO, = N,0 + 2H,0. 

■mmonimin nitroaa wattr. 

nitrate. oxide. 

80 = 44 + 86 

Jar i. — Immerse a lighted taper; it bums in the nitrous oxide 
maeh more brightly than in air. A glowing chip is also rekindled, 
as in oxygen. The nitrons oxide is split np into nitrogen and 
oxygen, and this mixture contains a larger proportion of oxygen 
than is contained in air, hence the increased yigoor of combustion. 
(N,0 = 1 vol. of to 2 vols, of N ; air = 1 vol. of lo about 
4 vols, of N.) 

Jar 2, — Ignite slightly a small piece of sulphur in a deflagrating 
spoon, and immerse it in the jar; it ceases to burn ; take it out, 
replace the glass plate, ignite the sulphur strongly, and again 
immerse it. The sulphur now bums much more brightly than 
in air. 

Sulphur dioxide is formed, and nitrogen remains mixed with it. 

S + 2N,0 = SO, + 2N, 
Substances will not bum in nitrous oxide until it has first been 
split up into nitrogen and oxygen, and the temperature of the 
feebly burning sulphur was not sufficiently high to decompose 
the gas. 

To distinguish between nitrous oodde and oxygen. 

Prepare a jar of oxygen. 

Jar 3. — Invert this jar (of N,0) in a vessel of cold water, and 
place by its side, also inverted in the water, the jar of oxygen. 
Notice (1) that the water rises slowly in the jar of nitrous oxide, 
because this gas is soluble in cold water, while the water does not 
rise in the jar of o^^gen. Now prepare, in a small flask fitted with 
a cork and delivery tube, nitric oxide gas — (for preparation see 
page 24). When pure, allow this gas to bubble first into the jar of 
oxygen. Notice (2) that deep red fumes are formed, due to the 
union of the nitric oxide and oxygen. These fumes are very 
soluble, and the water at once rises in the jar. Now pass the 
nitric oxide (NO) into the jar of nitrous oxide (N,0) ; no red fumes 
appear, and the water does not rise in the jar. 



Nitrous Oxide* 

1. Beadily soluble in water. 

2. No action with nitric oxide. 



Oxygen. 

1. Not readily soluble in water. 

2. Forms red soluble fumes 

with, nlitv^ ^ti^^^ 
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Soxninary of properttes. — ^Nitrons oxide is eolonrless, is 
soluble in cold water; a glowing chip is rekindled in it as in 
oxygen; feebly burning solphnr is extinguished in the gas, but 
strongly ignited solphor bums brilliantly. 

15. NITRIC OXIDE (NO or N.O J. 
Preparation. By the action of nitrio acid on oopper . 

Fit up an apparatus similar to that for hydrogen. Fig. 4. 

Place some copper turnings in the flask, cover them with water 
and replace the cork. Add gradually by the thistle funnel tube 
strong nitric acid : nitric oxide gas is liberated, thus 

8Cu + 8HNO3 = 8Cu (NO3), + 2N0 + 4 H, O 

eopper nitric add oopp«r nitrate nitrio oxide water 

190-6 + 604 = 662-6 + 60 + 72 

A solution of copper nitrate remains. At first the flask is filled 
with deep red fumes (N3O3 and N^O^) caused by the union of 
the nitric oxide with the oxygen of the air contained in the flask. 
As soon as the air is all expelled, the gas becomes colourless, 
and the pure nitric oxide may now be collected. Collect three jars 
of the gas and keep the mouth of each under water. 

Jar i. — UncoYer the mouth of the jar and expose the gas to the 
air. The nitric oxide unites with the oxygen of the air forming 
dense red fumes of nitrogen trioxide (N^Og) and nitrogen tetroxide 
(N^O^ ). Now invert the jar in a vessel of water ; the red gases are 
soluble and the water rises rapidly in the jar. (See also addition 
of nitric oxide to oxygen, page 28.) 

Jar 2. — Remove the glass plate and quickly insert a lighted taper ; 
it is at once extinguished. Replace the plate ; heat a small piece 
of sulphur on a spoon in the Bunsen flame and immerse in the gas ; 
the burning sulphur is extingaished. 

Jar 3. — Take a piece of phosphorus about the size of a small 
pea; dry it carefully between blotting paper ; place it on a clean, 
dry deflagrating spoon ; touch it wiQi a hot wire and immerse 
quickly in the jar. The phosphorus ceases to bum. Remove the 
phosphorus and replace the glass plate ; rekindle the phosphorus in 
the Runsen flame till it burns brightly, and again immerse it in 
the gas. The phosphorus now burns with much more brilliancy 
than in air ; phosphorus pentoxide (Ps^a) ^^ formed and nitrogen 
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Snmmary of properties. Nitric oxide iseolonrlese ; it unites 
with oxygen to form red gases (higher oxides of nitrogen). It is 
more d^Qicolt to decompose nitric oxide than nitrons oxide, hence 
the former (NO) does not so readily support comhnstion as the 
latter (N,0). The temperatures of a lighted taper, hnming snlphnr, 
and feehly hnming phosphorus are not sufficiently hi|^ to decompose 
nitric oxide ; hence these hodies do not hum in it. Strongly burning 
phosphoras, however, decomposes the gas into nitrogen and oxygen 
and bums brilliantly in the liberated oxygen. 

The apparatus. — ^Pour a small portion of the solution of copper 
nitrate on a filter ; test the clear filtrate for copper and nitric acid 
(26» Ou 4, and 26, nitric acid). Pour away the remainder. Wash 
with water any copper remaining undissolved and save it for future 



16. SULPHUBETTED HTDBOGEN (H^S), 

Preparation. By the action of snlphnrie acid (or of 
HOI) on ferrous snlpliide. 




Fio. 16. 

Fit up the apparatus as in Fig. 16. 

Place in the flask with the thistle funnel tube some small pieces 
of ferrous sulphide (FeS) ; cover the sulphide with water, and re- 
place the cork. The second flask is a wash bottle, and is half 
filled with water to absorb impurities. Add through the thistle 
funnel tube a little strong sulphuric acid ; ferrous sulphate is formed, 
and sulphuretted hydrogen gas is liberated . It is at once recognised 
by its characteristic smell. 



FeS + 

f trroBS tolphide. 

88 



H,SO, 

snlphiuie acid. 

98 



FeSO. 

fenrons snli^te. 



+ H,S 
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A jar of R^S. — Collect one jar of the gas by downward displace- 
ment (density of H,S = ^-i-^ = 17 ; density of air = 

14-42) in a draught cupboard. When full ignite the gas in the 
jar with a taper ; it bnms with a bluish flame ; the hydrogen of 
the H,S bums to form water, and the sulphur to form sulphur 
dioxide ; part of the sulphur is deposited on the sides of the jar. 

A solution o/H^S. — Pass the gas into a flask containing cold, 
recently boiled, distilled water until the water smells strongly of 
the gas. Sulphuretted hydrogen is soluble in water, and we now 
have a solution of the gas. 

This solution spoils if exposed to the air for some time ; the 
hydrogen of the H^S unites with the oxygen of the air, and tho 
sulphur is deposited in the water, giving the solution a milkj 
appearance. ' 

The apparatus. — Pour off the solution containing ferrous sulphate- 
dissolved, and probably an excess of sulphuric acid ; wash the 
remaining sulphide with water for future use. 

Solutions for testing, — ^Take separate small qaantities in test 
tubes of the following solutions : add first a few drops of HCl to 
each, except to the lead solution (HCl would give a white precipi* 
tate of lead chloride), then a little of your H^S solution. Notice 
the results, and proceed as required in the Table. 



Solutions, 


Result of adding 
H,S to acid (HCl) solution 




Copper salphate, OnSO. 
Lead nitrate, Pb (NO J, 
Arseniona acid, H.AsOg 
Antimony chloride, SbOi, 


Black ppte. of CuS 
Black ppte. of PbS 
Yellow ppte. of As^S, 
Orange ppte. of Sb,8, 

no ppte. 
no ppte. 
no ppte. 

■ 


• 




Make the Zn, Fe anS 
Mg solutions alka* 
line with IHR^IIO 


Zinc snlphate, ZnSO. 
Ferrous sulphate, FeSo^ 
Magnesium sulphate, MgSO^ 


White ppte. of ZnS 
Black ppte. of FeS 
no ppte. 



For the Equations see Part II., Question 289. 
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17. SULPHUR DIOXIDE (SO J. 

Preparation* (1) By burning solphar in oxygen. (2) By 
the iBU)tion of strong snlphnric acid on copper. 

Fit ap an apparatus similar to that used for chlorine in Fig. 10. 

Place in the flask about half an ounce of copper turnings ; pour 
through the thistle funnel tube strong sulphuric acid till the copper 
is eovered, and heat the flask carefully over a sand bath. Sulphur 
dioxide gas is given ofl*, and a solution of copper sulphate remains ; 
thus — 

Cu + 2H,S0^ = CuSO^ + SO, + 2H0, 

copper. tnlphiurio copper ■nlplmr water.. 

•dd. sulphate. dioxide. 

68'5 + 196 = 169-6 + 64 + 86 
The gas being very soluble in water, and heavier than air 

(density of SO, = ^^ + ^^ = 82; density of air = 14-42) 

it is collected by downward displacement. 

Collect two jars of the gas ; use dry jars, and when fall cover 
with a glass plate. 

Pass the SO, for a few minutes into a small bottle three-fourths 
full of distilled water ; replace the stopper in the bottle. 

. Now pass the gas into small portions of the following solutions : 
dilate blue litmus, potassium permanganate, nitric acid, potassium 
chromate. 

The Htmtis solution is turned red, showing that sulphur dioxide 
solution is acid. 

SO, + H,0 = H.SO, 

■nlphnr dioxide. water. snlphurous acid. 

The potassium permanganate (K , Mn , ^ ) loses its brilliant purple- 
red colour and becomes colourless. Here the salphurous acid 
(H,S0,) reduced (robbed of oxygen) the permanganate ; the 
sulphurous acid becoming oxidised to sulphuric acid (H^SO^). 

The potassium chromate (K,CrO^) changes colour from yellow to 
green owing to the reducing action of sulphurous acid. 

Jar i. Immerse a burning taper, the flame is at once put out, 
and the gas does not bum. Quickly replace the glass plate, invert 
the jar and place it in water. The sulphur dioxide is dissolved in 
the water ; sulphurous acid is formed, and the water rises rapidly 
in the jar. 
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Jar 2. Place in this jar a moistened bnnch of flowers ; they 
will be bleached, but the colour may be restored if dipped into a 
weak solution of acid. Bodies such as straw, silk, wool, are bleached 
by exposing them to the action of solphor dioxide ; chlorine injnres 
•nch fabrics. 

ThQ solution of ^0^. With this we can show that salphmrous 
acid reduces nitric acid; or, in other words, that nitric acid oxidises 
sulphurous acid : we can also compare the result of adding hydro* 
chloric acid and barium chloride (BaCl^) to solutions of sulphurous 
and sulphuric acids respectively. 

Pour part of the solution into two clean test glasses. To one add 
barium chloride ; a white precipitate of barium sulphite (BaS03) is 
produced, which dissolves, however, on addition of HCl. 

To the other test glass add a few drops of nitric acid; the 
sulphurous acid is now converted into sulphuric acid. Add barium 
chloride; a dense white precipitate of barium sulphate (BaSO^) 
falls, which is not dissolved on addition of HGl (see equations, 
page 82). 

The apparatus. Pour a little of the copper sulphate solution 
into a test tube, and test for copper and sulphuric acid by special 
tests (25, Ca 4, and 26, sulphuric acid). Pour away the remainder, 
wash any remaining copper with water, and set aside for future 
use. 

Summary of properties. Sulphur dioxide is colouriess ; 
heavier than air ; does not bum nor support combustion ; soluble 
in water ; forms with water sulphurous acid ; bleaches vegetable 
colouring matters ; is a powerful reducing agent. 

18. COMBUSTION. 

When elements unite together to form a new compound, heat is 
given off, and sometimes light. Bodies which unite together 
vigorously are said to hum or undergo combustion. Burning or 
combustion is therefore the result of the union of two or more 
substances. One substance cannot bum by itself. 

For example, we say hydrogen will bum, but it is understood 
that we mean hydrogen will bum in the air. The hydrogen unites 
(bums) with the oxygen of the air to form water. It should be 
remembered that in the flame produced by the buming of hydrogen 
in air, for every 2 parts by weight of hydrogen consumed there are 
16 parts by weight of oxygen from the air consumed also, forming 
JS parts by weight of water. 
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The youDg student might suppose that when a eandle barns in a 
room it is only the candle, and nothing else, that is affected by the 
bnmingy forgetting that there can be no burning without combina- 
tion. Without the oxygen of the air the candle would go out. 

Experiment 1, — Immerse a small burning candle in a bottle 
stopped with a cork. The oxygen of the air in the bottle is soon 
all consumed, or combined with the hydrogen and carbon of the 
candle, and the candle goes out. 

We say oxygen will not bum, but we mean that oxygen will not 
bum in the air. The reason is because there is nothing in the air 
with which the oxygen will readily combine. 

The following experiment, however, shows that even air may be 
made to bum :•— 

Experiment, — ^Take a broad glass tube open at both ends — a 
common oil-lamp chimney is best. Fit to one end of the tube a 
cork bored with two holes. Through one of the holes pass a short 
piece of metal tubing about ^in. diameter (a piece of sheet tin will do, 
rolled into a tube), and through the other hole put a piece of glass 
tubing to which to attach a piece of india-rabber tubing from the 
gas nozzle. 

Attach the apparatus to a stand, as seen in Fig. 17. 

Place a piece of fine wire gauze over the 
top of the large tube. 

Pass coal gas into the apparatus, and 
light it at tiie top of the gauze. The 
cylinder b now full of coal gas. Pass a 
lighted taper up the metal tube. A fiame 
appears on the top of the metal tube, and 
we now see (i) the air burning in coal gas 
inside the large tube, and (ii) coal gas 
burning in the air outside the apparatus. 

In the above experiment it is the oxygen 
of the air only which bums, the nitrogen 
is quite passive,. and takes no part whatever 
in the combustion. 

Experiments to show that combination 
takes place between the gases at the point of ^'^- ^7. 

contact onlym 

Experiment 1. — Spread a sheet of paper on a smooth surface 
and press the Bunsen flame for an instant on the \i«j^^x« ^^%.^^^^ 
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The exact shftpe of the flame will be bornt o 
flpa«e between the bornt mtuke is quite ti 



the paper, while the 




Experiments. — Place apiece of wire gauze npon tbe daine of 
ft BaDsen burner. A red-hot ring will appear, coireBponding with 
the ooteide edges of tbe flame. 

Experiment 3. — Place a piece of platinum wire across the Bunaeu 
flame. The wire becomes red hot at the two poliite where it eutere 
and leaves the flame. 

Each of the above three experimants shows that the heat of the 
flame is on its ontside edges; it is here where chemical combination 
is takiug place between the coal gas and the oxygen of the air. 

19. THE CAiniLE PLASOE. 
The flame of a candle consists of three principal parts : — 

(1) The dark central sone, containing the 

gaseous products of the tallow, chiefly com- 
posed of compounds of carbonand hydrogen 
in an imbumt state. 

(2) The Inminoas (or light-prodacing) 

zone, surrounding the central zone. Here, 
owing to an insufficient supply of oxygen, 
the gases are only partully burnt; the 
hydrogen burns chiefly, whilst the carbon 
remains in a highly heated, glowing state, 
causing the laminons appearance. 
(8) The outer xone. Here there is an 
abundant supply of oxygen, and combustion 
is complete. This portion of the flame 
is Tory hot, the greatest heat being concen- 
trated at a. 




THE BUN8EN BURNER. 
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Oxidising flame. When bodies are strongly Heated in contact 
with oxygen, oxides are formed (see experiments with oxygen). 
Now, at the outer part of the candle flame we have both a high 
temperature and an nnlimited supply of o^^gen. The outer zone 
of the candle (8) is therefore known as the oxidisiruj flame. 

Bedncing flame. On the other hand, when oxides are placed 
in the luminous zone of the candle flame they have a tendency to 
yield up their oxygen; in other words, to become reduced, the 
oxygen being withdrawn from them by the heated carbon and 
hydro-carbons. Hence the luminous zone is known as the 
reducing flame. 



20. THE BUNSEN BUBNEB. 

We have seen that the luminous appearance of the candle flame 
^8 due to an insufficient supply of oxygen to consume the heated 
hydrocarbon compounds. Now, if by some means we could introduce 
a supply of oxygen at the centre of the flame, you would expect the 
lummous zone to disappear. Tbis is accomplished by the simple 
arrangement known as the ^* Bunsen burner *' (see Fig. 20). 

The coal gas enters, as shown in the 
sketch, and passes up the large tube ; at 
the same time, by means of the holes at 
the bottom of the tube, the air flows in 
and mixes with the coal gas, thereby 
supplying sufficient oxygen to destroy the 
luminosity of the flame, and to greatly 
increase its temperature. 

. If the a^-holes be closed, the supply 
of oxygen to the centre is cut off, and 
the flame resumes its ordinary luminous 
appearance. 

Experiment. — Hold a cold porcelain 
dish for a moment over the luminous 

flame; there will be a deposit of soot. The blue non-luminous 
flame gives no deposit of soot. 



aer. 




oi/r 



C^alaad 



Fio. 2a. 
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21. THE BUNSEH FLAUS. 

The Baneen Same oousists of two principal parts — ^) tiie inner 
eone of nnbnrat gas (ii) the outer mantle, fonned by the bnnung 
mistare of ooal-gas and air. 

If the air-holes are partly closed, a laminooB point 
appears at the top of the inner oone (/) — f^, 21. 

The following is a further deecription of variona 
parta of the flamft : — 

a. The point of lowest temperatnre. Here 

volatile mixtores are heated to obtain 
flame colorations. 

b. The hottest part of the flame. 

c. The lower oxidising flame. 
li. The upper oxidising flame ; temperature 

not BO high as c. 
e. The lower reducing flame. 
/. The upper redacing flame ; possess^ greater 
reducing power than «. 
Many bodies may be detected by the characteristic 
colour which they impart to a non-tominoas flame. 
The chlorides yield the most distinct oolonrs, hence 
the sabatanoe to be tested is first moistened with 
HGl. 



The fidlowing sabatances give characteristic flame eolorations : — 

Omen. OrimsoD. Orange-red. Violet. YeUow. Blae. 

Barium. Stnmllnm. Caldnni. PotKBIiimi. SDdJsm. Lend. 



Clean your platinnm wire by holding the end of the wire i 
Btinaen flame till the yellow (sodium) colour disappears ; 
ally dipping in » little dilate HCl will aaaist to dean it. The wire 
should be bent into a loop at the end by twisting it rooud tba 
sharpened point of a lead pencil. The other end of the wire should 
be fused into a piece of glass rod or tubing. Take a small particle 
of a salt of each of the above fiame-colotiring substances ; test each 
separately on the loop of the wire by holding it in the lower onter 
A^ iffOie Bonsen flame. Notice the characteristic colonra. 
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23. USE 07 THE BLOWPIPE. 

It is essential that the etndent shoold be able to keep up « 
•teady, contiauona enrrent of air throngh the blowpipe withont 
getting oat of breath. Practise at &rBt b; closing the lips, extend* 
ing the cheeks, and breathing through the nose. The iteady blast 
is maintained by the cheeks aad sot by the longs. 




Fia. 22. Btdueing FUtmt. 




FiQ. 33. Oxiditing Flame. 

Close the holes at the bottom of the Bonsen bamer and obtain a 
lominona flame, or insert the tnbe as shown in Figs. 22, 28. Bring 
the nozzle of the blowpipe jut to the outside ofthe flame and alittle 
above the edge of the burner ; blow gently and you vriJI obtain a 
partly Inmioons flame. Fig. 22. Ttus is the rtdacing flame. 

Now hold the nozzle of the blowpipe a little farther into the 
flame and blow more strongly; the flame is now blue and non- 
huninons. Fig. 23. This is the oxidiringflamf, the hottest part of 
which is at the pmnt. 
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23. XXBBCISES WITH THE BLOWPIPE. 
Bednetion on CharooaL 

Experiment I. Take a piece of charcoal and with the tip of a 
penknife blade scoop oat a little round cavity in the charcoal; 
place in the cavity a small heap of litharge (PbO), and direct upon 
it the reducing flaine of the blowpipe. After a httle time a bright 
metallic globule of lead appears. 

Take off the bead with your penknife, and let it £eJ1 into a clean 
mortar. Press it with a pestle, and notice that it is malUable^ that 
is, may be flattened. Lay the flattened bead on a piece of clean 
paper and draw it along ; it makes a mark on the paper. 

Dissolve the bead in nitric acid in a test tube, and add H^SO^ ; 
a white precipitate of lead sulphate is obtained. 

Silver compounds also yield a malleable bead of metallic silver, 
but this bead may be distinguished from lead since it makes no 
mark when drawn along the paper, and when dissolved in nitric 
acid gives no precipitate on addition of H^SO^* 

ExpeHinent 2. Mix together a small quantity of litharge (PbO) 
and sodium bicarbonate (NaHCOg) and heat in the reducing blow- 
pipe flame. The sodium bicarbonate assists the reduction, and 
again the bright metallic bead of lead appears. 

Some substances are reduced with greater difficulty than others, 
and frequently, to secure complete reduction, potassium cyanide 
(KCN) is added. Potassium cyanide is a more powerful reducing 
agent than sodium bicarbonate, the cyanide becoming itself oxidised 
to cyanate, thus — 

KCN + CuO = KCNO + Cu 

potassium i^anide. copper oxide, potassium oyanate. copper. 

Bemember that potassium cyanide is very poisonous. 

Experiment 3, Take a little copper oxide (CuO), mix it with 
some powdered ECN and NaHCOg and fuse on charcoal before the 
reduchig blowpipe flame. Bed particles of copper are obtained. 
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Some substances, on being reduced on charcoal, do not yield a 
npietallic bead, but separate in small metallic particles, as in the 
following example : — 

Experiment 4. Powder a little ferrous sulphate, mix it with 
NaHCOs, and fuse in the reducing blowpipe flame. Metallic 
particles of iron are obtained, which may be collected thus : — 
Scrape the fused mass from the surface of the charcoal into a clean 
mortar, powder the mass and add water. On stirring, the particles 
of iron sink, while the charcoal tends to float. Pour off the water 
and suspended charcoal, and repeat the washing y stir gently with 
a. magnetised knife blade ; the finely divided iron adheres to the 
blade, and may be wiped off upon filter paper. 



Oxidation. 

Experiment 1, Place a small piece of lead — the bead obtained 
in the above reduction experiment — and heat before the oxidising 
flame of the blowpipe. A yellow incrustation of litharge (PbO) is 
formed on the charcoal. By the aid of the blowpipe flame and the 
oxygen of the air, the lead bead has been oxidised back again to 
litharge. 



The Borax Bead. 

Borax (Na^B^O,, lOH^O) when heated swells up, owing to 
escape of water, and then melts down to a clear transparent mass. 

Melted borax possesses the property of dissolving many metallic 
oxides, in some cases producing characteristic colours. 

Experiment 1, Make a loop on the end of your platinum wire ; 
make it hot, and dip it in powdered borax. The borax clings to the 
wire, swells up, and on heating in the blowpipe flame, forms a trans- 
parent bead in the loop. 

. Detach the smallest particle of a cobalt compound on clean paper ; 
heat the bead, and touch the particle with it. Now heat again before 
the blowpipe. The cobalt has coloured the bead a beautiful deep 
blue. If too much cobalt is taken up in the bead, the blue will ba 
so intense as to appear black. 
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Experimmt 2. Glean joor wire ; make another borax bead, and 
attach to it a trace of a copper compound ; heat in the oxidising 
flame ; a bead is obtained which is green whilst hot, blue on cooling. 
Now add to the copper bead a particle of any tin salt, and heat in 
the reducing flame, the colour of the bead charges to red owing to 
the formation of Ca,0. 



To make a bulb tube. 

Take a piece of glass tubing about ^ in. bore and about 6 inches 
long. This will make two tubes. Draw it out at its middle point 
{a) in the Bunsen flame, cut off the thin thread of glass with a 
file and seal up the end {b). 






Fig. 24. 



Blow a small bulb (c) by heating the end (6) in the Herepath 
blowpipe till the glass is red hot and softens ; blow carefully into 
the tube, turning it round at the same time. Skill in blowing bulbs 
is acquired only by practice. Out off to the required length. 



Experiment 1. Take a little mercurous chloride, and mix it with 
powdered NaHCOg. Introduce it into the bulb by placing it on a 
long narrow piece of stiff paper which has been folded lengthways. 
Heat the bidb, at first gently, afterwards more strongly; a grey 
deposit of metidlic mercury appears on the side of the tube ; scrape 
the deposit together with a strip of wood, little globules of mercury 
appear. 
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24. THE TABLE OF BEACTIONS. 

Solutions of the following* salts are required: — Silver nitrate, 
lead nitrate, mercnrous nitrate, mercuric nitrate or chloride, copper 
sulphate, ferrous sulphate, ferric chloride, calcium chloride ; also, a 
selection of solids to illustrate the dry-way tests. A test-tube 
stand and about a dozen test tubes will also be necessary. 

The Table should be used as follows : — 

Put a small quantity of each of the above solutions into separate 
test tubes, arrange them side by side and add to each, say first, 
HCl. Notice and compare the action of this reagent on the 
various solutions. 

Afterwards, to fresh solutions, proceed in the same way to add 
H3S, and so on with all the reagents in the left-hand column. 

Compare also the behaviour of the solid substances with the dry- 
way tests. 

The contraction ppte. = precipitate. 
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25. BEiCTIOHS OF THE HETALS-SILYEB, 



HGl 

bydrochlorie 
acid. 



snlphnretied 
hydrogen. 



(NHJ.S 

ammoniTim 
salphide. 



H,SO+ 

snlphano 
acid. 



/ 



SILVER. 



(1) White curdy 

ppte. of AgCl insolabie 
in water and HNO^ ; 
readily toluble in 
NH^HO. 



(2) Black ppte. of 
Ag,S, soluble in boil- 
ing HNO3. 



(8) Same 
H.8. 



as iTith 



LEAD. 



(1) White ppte. of 

PbCl,, soluble in hot 
water, crystallises out on 
cooling; unchanged in 
appearance on addition 
ofNH^HO. 



(2) Black ppte. of 
PbS, soluble in boiling 
HNO3. 



(8) Same as with H,S. 



(4) White ppte. of 
PbSO^, soluble hi boiling 
HGl, and tiie solution, on 
cooling, deposits needle- 
shaped crystals of PbCl,. 



MEBGUBT. 

(Merenrous salts). 



(1) White ppte. of 
Hg.Ol,; insoluble in 
cold HNO, , and &lac^- 
«n«dbyNH^HO. 



(2) Black ppte. of 
Hg, S ; not dissolved in 
boiHng HNO3. 



H.S. 



Same as with 
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LEAD, mCURT, COPPER, IROH, CALCIUE 



MEBGUBT. 

(Merenrio salts). 



(1) When H.S is 
added gradually — 
first whitet chang- 
ing to yeUoWf then 
brown, finally 
black ppte. of HgS, 

insoluble in HCl, 
also in HNO,; sol- 
uble in aqua regia. 



(2) Same as with 
H,8. 



COPPER. 



(1) Black 

ppte. of GnS, 
solnble in 
HNO,. 



(2) Same 
with H.S. 



as 



IRON. 

(Ferrons salts). 



No ppte, in 
neutral or acid 
solutions. 



m Black 

ppte. of FeS, 
insoluble in al- 
kalies, soluble 
in HCL 



IRON, 

(Ferric salts), 



(1) In acid so- 
lutions a white 
ppte. of sulphur 
and the ferric is 
reduced to fer- 
rous salt, 
Fe,Clg+H_S= 
2FeCL + 2HC1 
+ 8. 



(2) Black 

ppte. of FeS, 
mixed with sul- 
phur, thus : — 
Fe.Ol. + 

3(NflJ,S = 
2FeS -h 6NH.C1 
+ 8. 



CALCIUM. 



(1) White 

ppte.ofOaSO^ 
m>m strong 
solutions (tf 
calcium salts. 



\ 
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NaHO 

sodium hydrate 
or 

EHO 

potasdnm 
hydrate. 



8ILVEB. 



(4) Light brown 

ppte. of Ag^O, inso- 
luble in ezoess of 
NaHO, soluble in ex- 
cess of NH4HO. 



NH4HO 

ammoninm 
hydrate. 



K,Gr04 

potassium 
chromate. 



EI 

potassinm 
iodide. 



(5) Same as with 
NaHO, soluble m ez- 
oess of NH^HO* 



LEAD. 



(6) White ppte. of 

Pb(HO)., soluble in ez- 
oess of NaHO. 



(6) White ppte. of 
basio salt, insoluble in 
ezoess of NH^HO. 



(6) Dark red ppte. 

of AgJCrO^, soluble in 
hotHNOg; on cooling 
'deposits needle-shaped 
crystals. 



SnCl. 

stannous 
chloride. 



/ 



/ 



(7) Bright yellow 

ppte. of PbCrCh , readily 
soluble in NaHO; with 
difficulty in HNO^. 



(8) Bright yellow 

ppte. of Pbl„ soluble in 
boiling water, from 
which it separates on 
cooling in beautiful 
golden-yellow scales. 



MEBCUB7. 
(Mercurons salts). 



W Black PPto. of 
Hg,0, insolnUa in 
excess of NaHO or 
NH4HO. 



{5) Black ppte. of 
basic salt, insoluble in 
ezoess of NH^^HO, 



(6) Dark green 

ppte. ofHgJs* 



(7) Grey ppte. of 

Hg. On pounng off 
the fluid and boiling 
with HOI, the Hg is 
obtained in little lob- 
ules. 
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MEBGUBT. 
(Meveorie salts). 



W Yellow ppte. 
of HgO, fnsoliiUe in 
excess of NaHO. 



W White ppte. 
of Hg01(NHJ 
«' white precipitate," 
in somtions of 
HgCl.. 




(5) Bright red 

ppte.of Hgl, (Solnble 
in exeesB ttther of 
EI or HgOl,. 



COPPEB. 



(8) Pale 
blae ppte. of 

On (H0)„ in- 
solable in ex- 
cess of NaHO. 
If NaHO be 
added in excess 
and the mixture 
boiled, the 
ppte. becomes 

black. 



m^^m^ 



(6) SnOl,, when 
added in small qnan- 
iitiestoHg01,,giyes 

a white ppte. of 

Hg^Ol,, which when 
boued with excess of 
the reagent is re- 
duced to my metal- 
lie Hg. Ponroffthe 
floid and boil with 
HOI ; little globules 
of Hg are obtained. 



W Dark 
blae eola- 
tion when 
NH4HO i s 
added in excess. 

Greenish 
blae ppte. 

when NH4HO 
is added in 
small qoanti- 
ties. 



IBON. 
(Ferroos salts). 



1 



(3) White 

ppte. of 
Fe(HO), which 
quickly be- 
comes dirty 
green, and 
then red- 
dish brown 

Fe,(HO).. 



(4) Same as 
with NaHO. 



IBON. 

(Ferric salts). 



CALCIUM. 



(8) Beddish 
brown ppte. of 

Fe,(HO)„ in- 
solnble in excess 
of the reagent. 



(4) Same 
with NaHO. 



\ 



\ 



\ 
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SILVER. 


LEAD. 


MFiRGUBT. 

(MerenroQS salts.) 


Metallic 
deposits. 


« 




(8)Ifastripofbriftht 
immersed in a solntion 

metallic mercury is 

becomes bright on 
appears on heating 


• 


KiFe(CN), 

potaBsinm 

ferro- 
eyanide. 






« 


KaFeCCN). 

potassiiim 
ferricyanide. 


• 






KGNS 

potassinm 

snlpho- 
cyanide. 








(NH4)..C08 

ammomnm 
carbonate. 
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MEBCUBT. 

(Meroario salts). 


GOPPEB. 


IBON. 

(F.R01U nltt). 


IBON. 
(Ferric salts.) 


CALCIUM. 




metallie copper be 
of asaltofmercory, 
dmsited, which 
mbbing, and dis- 


(6) Metallio 
iron («.p,a knife 
blade) or a piece 
of Sn when im- 
mersed in a cop- 
per eolation, 
precipitates red 
metallic cop- 
per, especially 
&i the presence 
of a little firee 
acid. 












(6) Brown 

ppte. of 
Oa-J-eCON). 
insolable in di- 
late acids, bat 
decomposed by 
KHO. 


(6) White 

ppte., which ra- 
pidly becomes 
blae by oxida- 
tion to Prus- 
sian blue, 

Fe. (ON),., in- 
solable in acids, 
bat decom- 
posed by alka- 
lies. 


(6) Prussian 

blue ppte.. in- 
solable in HOI, 
solable in 
O.HsO^, and 
decomposed by 
NaHO with se- 
paration of 
Fe.HO,. 










(6) Dark 
bine ppte.; 

(Tarnbairs 
blae), insolable 
in acids, de- 
composed by 
alkalies. 


(6)0hangesthe 
colour of tne eo- 
lation to a red- 
dish brown, bat 

no ppte. 






• 




(7) Prodaces 
no coloration. 


(7) Blood- 
red coloration 
eren in dilate 
eolations. 








1 






(2) White 
ppte. of 

OaOOs' 
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i 


BILVER. 


LEAD. 


MEBGUBT. 

(MereuroQs satta). 


C.(NH4).04 

ammonumi 

oxalate. 

! 






• 


Blowpipe 
reactions 

iTithNaHCOs 
and KCN on 
oharcoalinre- 
dooing flame. 

■ 


(7) Bead,metaUio, 
bright, malleable, so- 
luble in HNOg. On 
addition of HCf to so- 
lution, white curdy 
ppte. of AgCl. 


(9) Bead, metallic, 
malleable, soluble in 
HNO3. On addition of 
H,SO^ to solution, 
heavy white ppte. of 
PbSOx ; yellow mcrusta- 
tion of PbO on charcoal. 
Bead makes a mark on 
paper. 




Flame 1 
Tests. 




(10) In previous test 
(9), the yellow incrusta- 
tion of PbO on charcoal 
disappears on heating in 
outer blowpipe flame, 
giving a blue colour to 
Uie flame. 




Heated in 
small dry bnlb 
tube with 
NaHOOs. 






(9) Grey deposit of 
tube, which whoQ 
metallic globules. 


Heated in a 
borax bead be- 
fore the blow- 
pipe flame. 






J 
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OSBCUBT. 

[efemic aaUf). 


COPFEB. 


IBON. 

(Ferrous salts). 


IBON. 

(Fenio Mate). 


CALCIUM. 










(8) White 

ppto. of ed- 
einm malate 
(0,0.0.) 
eren in dilute 
solutions; so- 
luble in HOi 
or HIIO3 ; in- 
soluble i n 
acetic or ox- 
alic acid. 




(7) Bed me- 
tallic par- 
ticles.- i>ii- 

soWe particles 
in HNO. and 
addNH.HOin 
excess, yields a 
deep bine soln- 
tion. 


(8) Black magnetic par- 
ticles of iron, soluble in HNO3 
and HOI to yellow solution. Add 
K^Fe (ON), ^yields a deep blue 
precipitate. 






(8) Green co- 
loration when 
compounds of 
copper are 
heated in the 
Bnnsen flame. 

Oopper chlo- 
ride bine. 






(4) Orange 

red coloration 
when com- 
pounds of cal- 
cium are 
heated inBun- 
sen flame, es- 
pecially on 
moistening^the 
substancewith 
HCl. 


oory on sides of 
bed, appears as 












(9) Green 

beadwhilsthot; 

bine on cooi- 

inff. Becomes 
coIoarlesB in re- 
ducing flame. 


(9) Tellowish red bead in 

oxidising flame; botfle gTCCn 
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26. REACTIONS OF THE ACIDS. 

Oarbonic acid, nitric acid, saipharic acid, hydrochloric acid. 

1. CARBONIC ACm, HjCO,. 

(a) Carbonates (e.g. Na^CO,). 

All carbonates are insoluble in water except the carbonates of 
potassium, sodium and ammonium. 

All carbonates effervesce on addition of an acid, owing to the escape 
of carbon dioxide (CO , ) . To a small quantity of a carbonate in a test 
tube add HCl, and pass the escaping gas, by means of a cork and 
bent tube (or by simply pouring), into another test tube containing 
lime water (Ca(HO), solution) or baryta water (Ba(nO)2 solution). 
The solution becomes milky owing to formation of CaCO, or BaCO,. 

(6) Bicarbonates (e.g. NaHCO,). 

Bicarbonates are decomposed on heating, and become converted 
into normal carbonates. Dissolve some NaHCO, in boiling water; 
the solution effervesces, CO^ is given off, and Na^CO, remains. 

2NaHC03 = Na^CO, + H,0 + CO, 

bicarbonate. normal water carbon 

carbonate. dioxide 

2. NITRIC ACID, HNO,. 
All nitrates are soluble in water. 

(1) To a small quantity of the solution of a nitrate add an equal 
bulk of strong H^SO^. When the mixture is quite cold pour gently 
a freshly prepared solution (in cold water) of ferrous sulphate down 
the side of Uie test tube. A black ring will form where the two 
liquids meet. On warming, the ring disappears. 

(2) When nitrates are heated with strong H^^SO and copper 
turnings, the copper is dissolved, forming a green solution of copper 
nitrate, and the tube is filled with deep red vapours of oxides of 
nitrogen. 

(8) On the addition of a few drops of indigo solution, the blue 
colour of the indigo disappears on boiling. 

8. SULPHURIC ACID, H,SO^. 

All sulphates are soluble in water except barium, strontium, 
calcium, and lead sulphates. 

^ (1.) BaCl, added to solution of a sulphate produces a white 
precjpjtate of BaSO^ , insoluble in HCl. 
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(2«) When ft inlpluiie if foMd on ebareoal with Na^CO^ in 
tiba radneing blowpipe flame, • iolpliide ia fonned ibns— 

llgBO, + Nft,CO, + 2C « MgO + Na,S + SCO,. 

If a Hide Hd be dropped on the toMed maaa, H,S ia giren ctt 
wbieb may^ be reeogiuaed 1^ ita odoar ; or, if tbe maaa ia plaeed on 
ft ttlirer ec in, and moiaftened with water, ft blaekaiainof Ag,S ia 
prodneed. 

4« HYDEOCHLOBIC ACID, HCL 

All eUoridea are aolnble in water eseept AgCl, and Hg^O,* 
(PbCl, in hot water only.) 

(L) AgNO, added to a aolntion of a ebloride prodneea a wbii« 
enrdy preeipitate of AgCl, inaolable in HNO,, aolnble in NH^HO. 

(2.) Powdered ebloridea beated witb H,SO^ and linO,, yield 
eblonne gaa, wbieb bleaebea moiatened litmna paper* 

27. IMTBODUOTOBT BBMABK8 

On the analyaia of an unknown substance. 

Tbe anbatanee anpplied to yon will eontaan not more tban one 
metal and one aeid from tbe following liat : — ailver, lead, merenry, 
copper, iron, ealcinm, earbonie aeid, nitric acid, anlpbnric acid, 
bydroebloric acid. 

Wben analyaing a anbatance ao aa to determine tbe elementa of 
wbieb it ia compoaed, two metboda are adopted, m. : tbe dry 
metbod and tbe mt metbod. 

By tbe i% metbod rariona teata are applied to tbe anbatance in 
ita dry atate, and by tbeae teata we are often enabled to form a 
very correct idea of ita composition. 

By tbe wet metbod tbe anbatance ia firat diaaolved in water or 
acida, and tben, by a ajatematic courae of analyaia, we are able not 
only to confirm tbe dry teata, but to diacover witb abaolnte certainty 
tbe metal or acid preaent, 

Tbe firat atep in tbe analyaia of tbe aolntion containing diaaolved 
aalta of tbe metala ia to divide tbe metala preaent into tb^r 
reapective gronpa by meana of tbe group-reagenta. 

Tbia diviaion into gronpa and nltimate complete aepara^ion oi 
tbe metala are baaed on two facta :^ 

(1) Some anbatancea are aolnble in water, acida or alkalies, wbile 
otbera are inaolable, and may therefore be aeparated from tbe 
aolnble anbatancea by filtration* 
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(2) All substances in solution (except sodium salts) unite with 
some reagent to fonn an insoluble compound. 

The metals are divided into five groups, of which the following is 
a list of those commonly occurring, with their group reagents : — 
Group !• Group reagent, HCL 

Metals precipitated as chlorides on addition of HCl, their chlorides 
being insoluble in water ; they are 

Silver, Lead, Mercury (as mercurous salt). 

Oronp 2. Group reagent, H^S in presence of HCL 

Metals precipitated as sulphides in HCl solutions on addition 
of H,S; they are 

Mercury (as mercuric salt), Lead, Bismuth, Copper, Cadmium, 

Arsenic, Antimony, Tin. 

Group 3. Group reagent, (NH4),S, in presence of NH^Cl 
and NH^HO. 

Metals precipitated as sulphides (or hydrates) in alkaline solutions 
containing NH^Cl ; they are 

Lron, Nickel, Cobalt, Manganese, Zinc (as sulphides). 
Aluminium, Chromium (as hydrates). 

Group 4. Group reagent, (NH^)3C03, in presence of NH^Cl 
and NH^HO. 

Metals whose carbonates are precipitated (after the removal of 
the metals of the preceding groups) by NH^Cl, NH^HO, and 
(NH J.COa ; they are 

Barium, Strontium, Calcium. 

Group 6. Metals which are not precipitated by any of the above 
reagents ; they are : — 

Magnesium, Potassium, Sodium, Ammonium. 

We will now suppose that we have a solution containing dissolved 
salts of one or two metals belonging to each of the groups. 

On the addition of the First Group reagent (HCl), to the clear solu- 
tion, those metals present which belong to the First Group form 
insoluble compounds with HCl (viz., chlorides) and fiftll as a 
precipitate, llie precipitate is collected on a filter, and the soluble 
substances pass through, to be precipitated in the next group by 
iho next groBP'TesLgenif and so on through all the groups. 
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After the separation into groups, they are farther separated hy 
the addition of other reagents, and finaUy distinguished hy special 
tests peculiar to each metal. With this preliminary explanation 
the following remarks showing how the Tables A, B and C, are 
used for the detection of one metal, and one acid, will be more 
readily understood. 

First, we add HCl (1st Group reagent) to a portion of the solu-* 
tion, and if either silver, lead, or mercury (as mercurous salt) be 
present, it will be converted into a chloride which is insoluble, and 
falls as a white precipitate which may be collected on a filter. Then, 
by means of the action of ammonium hydrate on the white pre- 
cipitate, we are able to decide whether the metal present is silver, 
lead, or mercury (mercurous salt). See Table A or B. 

These metals (Ag, Pb, Hg,) form the First Group. They are 
the only metals which form with HGl insoluble chlorides. 

If neither of the First Group metals were present, but one of 
the remaining metals of the series — mercury (as mercuric salt), 
copper, iron, or calcium, we should have no precipitate after adding 
HCl, because the chloride of mercury (HgCl,), copper, iron, or 
calcium, which is formed is soluble in water. Now warm, and add 
HgS (HCl + HjS = 2nd Group reagents) to the same solution; 
if mercury or copper be present, we get a black precipitate of 
mercuric sulphide or copper sulphide, because each of those sulphides 
is insoluble in HCl solutions. 

For distinction between mercury and copper. See Table A or B. 

Mercury (mercuric salts) and copper are members of the Second 
Group, this group being composed of metals which are precipitated 
as sulphides in HCl solutions. 

If no mercury or copper be present, but either iron or calcium, 
no precipitate appears on addition of H,S, because the sulphide of 
iron or calcium which is formed is soluble in acid solutions. To 
another portion of the solution we add NH^Cl, NH^HO, and 
(NH4)j,S, and if iron be present, a black precipitate of ferrous 
sulpiride is formed which (soluble in Group 2) is now insoluble, 
because the solution is made alkaline by addition of ammonium 
hydrate, and ferrous sulphide is insoluble in alkaline solutions. 

Iron is a member of the Third Group, this group being composed 
of metals which are precipitated as sulphides (or hydrates) in 
alkaline solutions only. 
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If iron be not present, but calcinm present, there has been 
hitherto no precipitate on addition of the above reagents, because 
the calcinm chloride and sulphide (or sulphhjdrate) formed (Groups 
1^ 2, and 8) are soluble in alkaline as well as in acid solutions as 
before mentioned. 

To another portion of the solution we add NH^Ol, NH^HO, and 
(NH.)3C03 ; a white precipitate of calcium carbonate falls, in- 
soluble in water. Carbonates are decomposed by acids, hence 
NH^nO is added first in order to neutralise any acid which might 
be present. 

Calcium is a member of the Fourth Group, this Group being 
composed of metals (Ba, Sr, Ca) which remain after removing 
Groups 1, 2, 8, and whose carbonates are insoluble in water. 

28. DIRECTIONS FOR THE ANALYSIS. 

The student should proceed in the following order : — 

(1) The preliminary examination, including the dry tests for the 
metal and acid. 

(2) The preparation of a solution of the substance. 
(8) The wet analysis for the metal. 

(4) The special tests for the acid. 

29.— PRELIMINARY EXAMINATION. 

Notes should be made at once of the resnlt of each step in the analysis (see p. 60). 
(1) Notice the colour and character of the substance supplied ; 
write its description in your notes, also your inference. 

It should be remembered that these colours, &c., only give an 
approximate idea of the composition of the substance. 

The substance is — 

Colourless f or white (crystals) ... Probably Hg, Pb, Ag, or 

Ca salts. If deliquescent 
(wet)..CaCl„Ca(N03),, 
orHgCNO,),. 

Black (powder) Charcoal, CuO, Ag^O. 

y^Moir (powder) Sulphur, PbO, Fe.CL 

(moist lumps). 

Bed (powder) HgO, PbjO^, Fe^Og, 

CUjO. 

Oreen (crystals) CuCl,, FeSO^. 

Blue (crystals) CuSO^, C^NOj),. 
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(2) Perform the experiments as given in the first colomn of the 
following Table ; note what occurs, also yonr inference as to the probable 
nature of the substance. 

30. PBELIMINART TESTS FOR THE METAL. 



Exptriincntm 


Observation. 


Inference. 


1. Heat a little of the sab- 
stance in a dry test 
tube. 


(a) Fames are given off 
which condense as a 
snblimate on sides of 
tnbe. 

(&) A gas is given off. 


If yellow (or brown drops) 
indicates Sulphur. 

If white, Mercury salts. 

If metallic appearance, Mer- 
cury. 

Oxygen (rekindles a glowing 

chip), Nitrates. 
Bed fames. Nitrates. 
Oarbon dioxide (turns lime 

water milky), Carbonates. 


2. (If white inblimate in 1) 
Heat a small portion 
of the sabstance in a 
flmall bulb tube with 
NaHOO, 


Metallic mirror on sides 
of tnbe forming glo- 
bules when mbbed. 


Mercury. 


3. Heat a little of the sub- 
stance on charcoal with 
NaHCOg + KCN in 
inner blowpipe flame. 


(a) Malleable metallic 

bead with no incros- 
tation on the char- 
coal. 

(b) Malleable metallic 

bead which makes a 
mark on paper ; also 
yellow incmstotion 
on charcoal. 

(c) Bed beads or scales. 
((2) Black magnetic powder. 


;?»7r«- (25, Ag, 7.)* 

Lead (25, Pb, 9.) 
Copper (25, On, 7.) 
Iron (25, Fe, 8.) 


4. Moisten a fragment of 
the substance with 
HOI on the loop of a 
clean platinxmi wire,f 
and hold in the ontside 
edge of lower part of 
Bnnsen flame. 


Flame is coloured Green 

,» Orange Bed 
» Blue 


Copper. 

Calcium. 

Copper Chloride, or Lead. 



* 25. Ag, 7 means Paragraph 25, silver oolvnn, test nomber 7. Confirm by these tests. 

f The vrire is cleaned by clipping it in HGl and heating in the Bnnsen flame nntil it no longtr 

colours the flame. 
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31. PRELIMINARY TESTS FOR THE ACID. 



Experifnetit, 



(1) Add HCl to a UtUe of 
the snbstance in a 
test tabe. 



(2) Treat a small portion 
of the substance in a 
test tnbe with strong 
H^SO^, and warm 

gently. 



Observation. 



Effervesoence, and the gas 
which comes off turns 
lime water milky. 



Light red fumes, which 
condense as yellow 
drops on sides of tnbe. 



White fames, acid to test 
paper ; confirm for HCl 
by adding MnO, ; CI 
given off, which 
bleaches litmus paper. 



No action. 



Inference, 



Carbonic acid. 



Nitric acid. 



Hydrochloric acid. 



Sulphuric acid. 



32. Preparation of a solation of the substance. 

Powder, if necessary, in a clean mortar. The snbstance is 
soluble in water, or dilate acids. With separate small portions in 
a test tube, test its solubility in the following order : — 

(1) In water, 

(2) In hydrochloric acid. 
(8) In nitric acid. 

(4) In a mixture of hydrochloric and nitric acids. 

In each case the substance should be boiled for some time, unless 
it dissolves at once. When the proper solvent has been found, 
dissolve a larger quantity of the subs1»nce and proceed to test for 
the metal by Table A, Use small portions of your solution 
i»i A time* 
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TABLE C. 
35. TO DETECT THE ACID, 

Not more than one of the following heing present : — Carbonic acid* 

nitric acid, snlphnric acid, hydrochloric acid. 

Note. — The Bubstance given is solnble in water or dilnte acids ; the following 
insolnble sabstanoes are therefore absent, — silver chloride, mercorons chloride, 
lead snlphate, calcium sulphate (lead chloride is soluble in hot water, but is 
deposited again on cooling). Hence if silver or mercury (as mercnrons salt) bo 
found, do not expect to find hydrochloric acid ; or if lead or calcium be found, 
do not expect to find sulphuric acid. 

Use separate small portions for the following tests : — 

(1) Carbonic acid, if present, will have been already found by the 
preliminary tests. 

(2) Nitric acid. The substance is solnble in water. Apply the 
special tests for nitric acid (page 46) to the original solution. 

(3) Sulphuric acid. To a small portion of the original solution 
add HOI and BaCl, ; or, if Ag, Hg,, or Pb be present, add instead, 
HNO3 and Ba (NOg), ; a white precipitate indicates sulphuric acid. 

(4) Hydrochloric acid. To a small portion of the original solu- 
tion* add silver nitrate (AgNOg); a white curdy precipitate, insoluble 
in HNOj, soluble in NH^HO, indicates hydrochloric acid. 

36. QUESTIONS ON THE REACTIONS OF THE 

METALS. 
I. 

(1). What is the result of adding HCl to solutions of silver nitrate, 
lead nitrate, and mercurous nitrate ; and how would you distinguish 
between these solutions supposing they were not labelled ? 

(2) By means of HCl we are able to divide a mixture of the 
eight solutions mentioned in the table into two groups ; explain 
why this can be done. 

(3) Silver chloride is dissolved in NH^HO and nitric acid is 
afterwards added in excess. What is the result ; and why is the 
acid added in excess ? 

(4) Write the equations showing the action of HCl on the nitrates 
in question (1). 

(1) Having mixed together solutions of lead, mercury (merduroiis 
salt) and copper, how would you separate the metals present? 

A 

* Oare should be taken that the original substance was dissolyed without 
addition of HCl. 
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(2) On adding water to a white powder and boiling, the solution 
becomes quite clear. After a few minutes, on looking at the solu- 
tion a crystalline residue is seen. Explain this. 

(B) Mention two methods of separating lead from silver. 

(4) Write out the formulae for the chlorides of each of the metals 
in the Table. 

m. 

(1) Write out a Table showing the action of H,S on solutions of 
silver, lead, mercury, copper, iron, and calcium. 

(2) How may sulphide of mercury be separated from the 
sulphides of silver, lead, and copper ? 

(8) How may ferric be distinguished from ferrous salts by means 
of H,S in acid solutions ? 

(4) Write equations showing the action of H^S on solutions 
of the nitrates of silver, lead, and mercury (mercurous and 
mercuric salts). 

IV. 

(1) Why is there no precipitate when H^S is added to acid 
solutions of ferrous salts ? (See sulphuretted hydrogen, page 49.; 

(2) On the addition of H,S to a solution, the precipitate formed 
was at first white, then yellow, brown, and at length black ; what 
metal is present, and how may the black precipitate be dissolved ? 

(8) What is the result of adding ammonium sulphide to solutions 
of lead, copper, and calcium salts ? 

V. 

(1) Write out the results of adding NaHO to solutions of silver, 
lead, mercury, copper, iron, and calcium salts. How would you 
distinguish between ferrous and ferric salts, also between mer- 
curous and mercuric salts by means of potassium hydrate ? 

(2) How do you explain the fact that pale blue copper hydrate, 
on boiling with excess of NaHO, becomes black ? 

(8) A solution contains dissolved salts of lead and copper ; how 
would you separate them ? 

(4) Write equations showing the results of adding NaHO to 
solutions of lead nitrate, ferrous sulphate, ferric chloride, 
mercurous nitrate, and mercuric chloride. 
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VI. 

(1) What is " white precipitate," and how is it obtained ? 

(2) What is the action of NH^HO on a solution of a copper salt ? 

(8) How would you distinguish between silver and lead by means 
of potassium chromate ; also between mercurous and mercuric salts 
by means of stannous chloride ? 

(4) Write equations showing the action of K^CrO^ on silver 
nilxate and lead nitrate ; also of SnOl, on mercurous and mercuric 
salts. 

vn. 

(1) How would you distinguish between lead, mercurous, and 
mercuric salts by means of potassium iodide ? 

(2) What would be the effect of adding sulphuric acid to solutions 
of lead nitrate, copper chloride, and calcium chloride ? Give 
equations. 

(8) A strip of bright copper is placed in a solution of mercuric 
chloride ; what is the result ? Give an equation. 

(4) How would you test for the presence of metallic copper in a 
solution of copper sulphate ? Give an equation. 

vm. 

(1) Potassium ferrocyanide when added to three separate solu- 
tions gave a brown, a white changing rapidly to deep blue, and a 
deep blue precipitate respectively. Say what metal is indicated in 
each case ; also how would you confirm your inference ? 

(2) Write, side by side, a list of those tests which enable you to 
distinguish between ferrous and ferric salts. 

(8) What is the result of adding (NH4),C03 to neutral solu- 
tions of silver, lead, mercury, copper, iron, and calcium salts ; and 
what precaution is necessary before concluding that a white precipitate 
with (NH^)3003 indicates presence of the Calcium Group. 

(4) You have given to you a dilute solution of calcium chloride ? 
What test is used for detecting the calcium ? Give an equation. 

IX. 

(1) Write out the blowpipe tests for silver, lead, copper, and 
iron. 

(2) How would you distinguish between a particle of silver and 
a particle of lead ; also between particles of copper and ix^c^^SL'l 
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(8) What are the flame tests for copper and calcium ; also the 
borax bead tests for copper and iron ? 

(4) Write, side by side, a list of the tests which enable us to 
distinguish between mercurous and mercuric salts. 

X. 

(1) Name the metals present in the following solutions : — 
(a) On addition of HCl, a white precipitate soluble in NH^HO. 
{b) On addition of NH^HO in excess, solution becomes of a 
deep blue colour. 

(c) On addition of NaHO, a pale blue precipitate, which on 

boiling with excess of NaHO becomes black. 

(d) On addition of H^S, a black precipitate, which is not dis- 

solved after boiling with HNO,. 

{e) On addition of HCl, a white precipitate, which is soluble in 
. hot water, and crystallises out on cooling. 

(/) On addition of HCl and H^S, no precipitate, but on the 
further addition of ammonia a black precipitate. The 
black precipitate dissolves on addition of HCl with evolu- 
tion of H^S gas; and a few drops of potassium ferro- 
cyanide added to the clear solution gives a white or light 
blue precipitate which rapidly becomes darker. 

(g) On addition of mercuric chloride, a bright red precipitate, 
which disappears on addition of more mercuric chloride. 

{h) On addition of mercuric chloride, a white precipitate, 
which, when boiled with excess of mercuric chloride, 
becomes grey. 

XI. 
Name the substances which behave as follows : — 

(a) The substance is white powder, it does not dissolve in water ; 
on adding HCl a rapid effervescence occurs, and the gas which 
comes off turns lime water milky; flame is coloured orange red ; 
the metals of the first three groups are absent, and on addition of 
NH^Cl, NH^HO, and (NH^),C03 to a solution of the substance 
dissolved in HCl, a white precipitate falls. 

(b) Substance dissolves in water, gives off red fumes on heating, 
addition of sulphuric acid to solution produces a white precipitate ; 
addition of H,S gives a black precipitate. On adding a little 
strong H,SO^, and FeSO^ solution, a black ring appears where 
the two solutions meet. 

(c) Substance is blue, dissolves in water, solution gives a black 
precipitate with H,S, and a white precipitate after adding HCl and 
BaCl,, NH^HO added in excess gives deep blue solution, flame 

reaetion green, '' 
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(d) Substance is white, solnble in water, gives no precipitate on 
addition of HOI to solution ; on heating in a bulb tube with 
NaHCOs a metallic mirror appears, which may be rubbed into 
little globules; solution gives a white curdy precipitate withAgNOg, 
soluble in NH^HO. 

(e) Substance is a red heavy powder, gives off oxygen when 
heated in a tube, and becomes yellow ; on heating before the blow- 
pipe on charcoal, a yellow incrustation forms) on &e charcoal and a 
metallic bead appears, the bead is soluble in HNO3, and the sola- 
tion gives a white precipitate with H,SO^. 

(1) Name the substances which behave as follows : — 

(a) The substance is green and crystalline, readily dissolves in 
water, on adding the solution to a mixture of nitric and strong 
sulphuric acids, a black ring appears where the liquids meet^ 

(6) The substance is a black powder, colours the flame green, 
dissolves readily in H, SO ^ to form a blue solution. 

(2) What are bi-carbonates, and what is the result of dissolving 
sodium bi-carbonate in boiling water ? 

Write out the tests for nitrates. ' 

How are sulphates detected, (i) in the dry way (ii) in the wet 
way? 

xm. 



s 



(1) How would you test for the presence of a chloride ? 

(2) Write out a list of the commonly occurring metals, arrange 
them in groups and give the group reagents. 

(8) Give the reason why the metals of each group are placed i!i 
that group. 

(4) You have a powdered substance to analyse. How would yoj^ 
proceed to prepare a solution of the substance ? 

XIV. 

1) Write out and learn the preliminary tests for the metals. 
^2) Write out and learn the preliminary tests for the acids. 

XV. ~' 

(1) Write out and learn Table A. " 

(2) Write out and learn Tables 6 and C. 
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39. How to write down the resalt of your Ana^Bls, 
An actual exampU copied from a student't note book. 
Description: — Bine crystalliiie BabetaDce— probably Copper Sul- 
phate, or Nitrate, 
SdtibiUti/ ; — Soluble in water. 

FBELIUINABT TESTS FOB UETAL. 



^Experimmt. 


Observation. 


Inference. 


Heated powdered enb- 
sttuiceindrjteatlnbe. 


Liqnefied; water in tube 
acid to teat paper. 

When all water driven 
off, red fames appeared 


Nitrate. 


HsBtad ou oliaraoal vilh 
NaHOOj and KCN in 
reducing Some. 


Bed BcalGB. 


Copper. 


Bested on platinnm -wire 
in outer edgeofBonean 
finme. 


Elame is coloured greeu. 


Copper. 


PBELIMINABY TESTS FOB ACID. 


Heated in test tnb« iritli 
stiODg H,SOi. 


Redfamea. 


Nitric Acid. 


TO FIND THE METAL. 


"^ to^addedlcu '""°' «" PP'- No iBt Gronp. 


^"added hT '""" ^""^^'- '^"PP" " "^"'='^-' 


Ic^orig^sLolntioB added „„p„„,^,„,^ Copper. 


'^ZrL.^L.'^'' ^^^«P-'- Copper. 


TO FIHD THE ACID. 


Added to aolotion atrong 
H.SO., and when 
eofd, FeSO^. 


Black ring. 


Nitric Acid. 



t Copper, 
1 Nitile Aold. 
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THEOEETICAL CHEMISTEY. 



NOTES. 



TABLE OF THE ELEMENTS. 



NON-METALS. 



NAME. 


Symbol. 


Atomic 
Weight. 


NAME. 


Symbol. 


Atomic 
Weight. 


Oxygen 

Hydrogen 

Chlorine 

Bromine 

Iodine ..••• 




H 

CI 

Br 

I 

F 

N 


i6 

I 

35*5 
80 

127 

19 
14 


Carbon 

Sulphur 

Phosphorus.... 

Boron 

Silicon 

Selenium 

Tellurium .... 


C 

S 

P 

B 

Si 

Se 

Te 


12 

32 

31 
II 

28 


Fluorine 

Nitrogen 


79 
128 



METALS. 



NAME. 



Antimony 
Arsenic . 

Tin 

Lead ••• 
Silver «.. 
Mercury . 
Bismuth . 
Copper, • . 
Cadmium 
Barium • 
S^ontium 
Calcium . 



Symbol. 


Atomic 
Weight. 


Sb 


122 


As 


75 


Sn 


118 


Pb 


207 


Ag 


108 


Hg 


200 


Bi 


208 


Cu 


635 


Cd 


112 


Ba 


137 


Sr 


87-5 


Ca 


40 



NAME. 



Magnesium .... 
Potassium •••. 

Sodium 

Iron 

Aluminium . . . . 
Chromium .... 
Manganese . . . . 

Zinc 

Nickel 

Cobalt 

Gold 

Platinum 



Symbol. 



Atomic 
Weight. 



Mg 

Na 

Fe 

Al 

Cr 

Mn 

Zn 

Ni 

Co 

Au 

Pt 



24 

39 
23 
56 

273 
525 
55 

65 

58-8 

58-8 

1967 

197-4 
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A simple snbstanoe, or element| is one which cannot be 
split up by any known process into two or more different sab- 
stanoes, e.g.^ Hydrogen, Oxygen. 

A ooxnpoand snbstanoe is one which is produced by the 
noion (in certain exact proportions) of two or more simple 
sabstanceSy and therefore can be split np into two or more 
different substances. 

An atom is the smallest possible particle of an element, 

A molecule is composed of atoms, and is the smallest 
possible particle of either an element or a compound ichich 
can exist alone. 

The atomic weight of an element is the weight of an atom 
of that element compared with the atom of hydrogen. 

The molecular weight of a componnd is equal to the sum 
of the atomic weights of its constituent elements. 

An acid is a compound containing one or more atoms of 
hydrogen, which may be displaced by a metal when the metal is 
presented to it in the form of a hydrate. Acids possess a sour 
taste, and turn blue litmus solution red ; they cause effervescence 
when added to carbonates, and they neutralise alkalies. 

A base is a substance which will neutralise an acid. 

A salt is the compound formed by the union of an acid 
and a base. 

Alkalies are bases which are soluble in water. They readily 
neutralice acids and restore the blue colour to reddened litmus 
solution. The principal alkalies are sodium hydrate, NaHO; 
potassium hydrate^ EHO ; ammonium hydrate, NH^HO. 



NOTES. 
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Ezamplei of the formation of ealti from aoidt and bases : — 



Aoidi. 



Basel. 



Balto. 



HOI + 

bydfoohlorla idd. 



NaHO 

toditun bjrdrtte. 



NaOl + H.O 

•odium ohlorkU wftUr. 

or «omm<m Mlt 



H.SO, 

ralpbnilo Mid. 



+ 2KH0 - K.SO« + 

potMtliim bydrftto. potMiiiuii ralpbftto. 



2H,0 

wfttor. 



HNO, 

mtdoMid. 



+ NH.HO I 

•miDoiiiiuD lijdrtto. 



NH.NO, + H.O 

•miDoiiitun niirftto. WMtr. 



Nora.— HydroobloHtf Mid HOI. . fonui eblori<f«f .... t.g. KftOl lodimn ebloH^U. 

Snlpbnritf Mid H.80a .* formi lalpbat^f . • . . t.g. JH^t^* ■odium folpbate. 
Bolpbiiroiit Mid BaBOg.. formi •nfpbittff . . . . t.g. Nftj.SOs lodiiim umpYUte, 

Nitric Mid HNOj formf iiitral«f .... t.g. NsNO « lodiimi nitrate. 

NitroiM Mid HNO. f ormi niiriUi t.g. NaNOj lodiam iiitr((«. 

Pbot|;bori« Mid H-PO^.. formi pboipbatef .. t.g. NftsPQ4 trifodinm pbotpbate 
PbofpborotMMidHgPOt formt pbotpb<(«f .. t.g. NtsPO« triMdinm pbotpb<(#* 

Addi tnding in ic Uma Mlti fndisg in aU, 
Btltf wbiob oonitin no osjgtn tad in idi. 



Anhydrides. The word anhydride signifies frss from watsr. 
The name is applied to certain oxides, which when added to water 
form acids, thus : — 



Carbonic anhydride OO, 

Salphuroos „ SO, 

Snlphnric 

Phosphorous 

Phosphoric 

Nitrous 

Nitric 



SO, 

^^ 
P.O. 

N,0, 

N.O. 



+ 
+ 
+ 
+ 8H,0 

+ 
+ 
+ H.O 



H.O = H,CO, 
- = H,80, 
= H,SO, 
= 2H,P0, 
» 2H,P0. 
: 2HN0. 
s 2HN0, 



H,0 
H,0 



8H,0 
H.O 



carbonic acid, 
sulphurous acid, 
sulphuric acid, 
phosphorous acid* 
phosphoric acid, 
nitrous acid, 
nitric acid. 



ATOMICITY OF THE ELEMENTS. 

Elements are divided into monads, dyads, triads, tetrads, 
pentads and hexads, according to the number of their hondi^ that 
IS, accordmg to the number of atoms of hydrogen or cUorine they 
will replace, or combine with, whether it be one, two, three, four, 
five or six, thus :— 

(monad) (dyad) (triad) (tetrad) (pentad) (hexad) 
HCl H.SO. 8HC1 4H01 5HC1 8H.0 



KOI CaSO, AuCl, PtG^ SbOl^ 



EO 
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TABLE OF ATOMICITIES OF THE ELEMENTS: 



MONADS. 


DYADS. 


TRIADS. 


TETRADS. 


PENTADS. 


HEXADS. 


Hydrogen. 

Chlorine. 

Bromine. 

Iodine. 

Fluorine. 

Silver. 

Potassium. 

Sodium. 


■ 

Oxygen. 

Barium. 

Strontium. 

Calcium. 

Magnesium. 

Mercury. 

Zinc. 

Cadmium. 


Boron. 

Gold. 

Bismuth. 

Antimony. 

Arsenic. 

Nitrogen. 

Phosphorus. 


Carbon. 

Silicon. 

Platinum. 

Tin. 

Aluminium. 

Lead. 


Bismuth. 

Antimony. 

Arsenic. 

Nitrogen. 

Phosphorus. 


Sulphur. 

Iron. 

Chromium. 

Manganese. 

Nickel. 

Cobalt. 



It will be noticed that some elements appear as triads and pentads 
(odd nambers), others as dyads and tetrads (even nmnbers), bat 
none as dyads and triads (both odd and even). 

CHEMICAL COMBINATION IN DEFINITE AND 

MULTIPLE PR9POBTIONS. 

(I.) Bodies combine chemically in definite proportions. When 
two elements nnite, one atom of the fibrst combines with one, two, 
or three atoms of the second, as the case may be, bnt never with 
any fraction of an atom (which is impossible by the definition of an 
atom). When hydrogen and oxygen nnite to form water, they do 
so in the proportion of two volumes of hydrogen to one volume of 
oxygen, and never in any other proportion. Any excess of either 
gas would remain behind nncombined. 

Again, when mercury combines with oxygen, 200 grams of 
mercury combine with exactly 16 grams of ox^'gen. If 17 grams 
of oxygen were present, one gram of oxygen would remain behind 
nncombined. 

The same principle applies in the formation of all chemical 
compounds. 

(U.) Multiple proportions. Some substances unite to form more 
than one compound, thus : — There are two compounds of carbon 
and oxygen ; in one, 12 grams of carbon unite with 16 grams of 
oxygen, forming carbon monoxide ; in the other, 12 grams of 
carbon unite, not with 15 or 17, but with exactly 82 grams 
of oxygen, forming carbon dioxide. Hence the oxygen in carbon 
dioxide is a simple multiple of the oxygen in carbon monoxide. 

Sgaih, mFrogen forms five different compounds with oxygen, and the 
weights of the combined oxygen are proportional to the numbers, 
1, 2, 8, 4, 5, and each is a simple multiple of the first, thus : — 

28 parts of nitrogen nnite with 16 parts of oxygen, forming nitrogen monoxide, NgO. 
28 „ ,» 82 „ forming nitrogen dioxide. NgOg. 

28 „ It 48 „ forming nitrogen trioxido, NgOg. 

ft ,t 64 „ forming nitrogen tetroxide, Ng0«. 

^ „ 80 „ forming nitrogen pentoxide, NaOs. 

Here the numbers 16, 82, 48, 64, 80 dirlded by 16 gire 1, 2, 8, 4. 5. 



28 
29 
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DALTON'S ATOMIC THEORY. 

In seeking to discover the reason why substances combined in 
these definite or simple multiple proportions, Daltbn supposed : — 

(i.) That all matter is composed of extremely small 
particles which he called atoms (so called because it 
was assumed thfiy could not be in any way cut or 
divided). 

(ii.) That the atoms of the same element are alike in 
every respect, 

(iii.) That the atoms of different elements differ in character 
and properties, and bear the same relation to one 
another by weight as the combining weights of these 
elements. 

(iv.) That the formation of chemical compounds merely 
consists in the union or approximation of the atoms 
of different elements to one another. 



Differences between a Mechanical Mixture and a 
Chemical Oompoond. 



Mechanical Mixture, 

Example : — Iron and Sulphur merely 
mixed (Fe + S). 



1. The component parts are pre- 
sent in any proportion. 

2. The properties of a mixture are 
the mean of the properties of its 
constituents. 

3. When the components are mixed 
together no heat is eYolyed, because 
uo union takes place between them. 

4. When examined under a micro- 
scope, the component parts are 
readily diitisguished one from 
another. 

5. The component parts may be 
separated by the aid of water or 
other soWent. 



Chemical Compound, 

Example : — Iron and Sulphur mixed 
together in the proportion of 56 
by weight of Fe to 82 of S and 
then heated, unite to form a new 
compound, viz., Ferrous Sul- 
phide (FeS). 

1. The component parts are pre- 
sent in certain exact proportions. 

2. The properties of a compound 
are entirely different from the pro- 
perties of its constituents. 

8. When the components combine 
together lieat is evolyed, due to their 
union to form a new compound. 

4. When examined under a micro- 
scope the substance presents a uni" 
form appearance tiiroughout. 

5. The component parts cannot be 
separated by the aid of water or tatx 
Bohent. 
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PRELZMINABY NOTE ON SIMPLE PROPORTION, 

OR RULE OF THREE. 

Bnle : — Multiply the 2nd and 8rd terms of a proportion together, 
and divide by the 1st term ; the result gives us the 
4th term, or answer. 

Example : — ^If 18 parts of water contain 16 parts of oxygen, 
hno many parts of ooaygen will 100 parts of water contain ? 

1st term. 2nd term. 8rd term. 4th term. 

water. water. osgrgen. 

18 : 100 :: 16 : uswcr. 

100 



18)1600(88-9 nearly 
144 

160 
144 



160 
88*9 parts. Answer. 

With this kind of sum always ask yourself two questions : — 

(i.) Of what will the answer consist P Look at your 
question and you find the words — How many parts of oxygen ? 
Then put the known quantity of oxygen in the 8rd term (see ahove). 

(ii.) Will the answer be greater or less than the 
number now in the third term P There will be 
more oxygen in 100 parts of water than in 18 parts ; 
therefore so arrange your proportion that the answer 
shall be more. 

To find the moleoular weight of a substance. 

Exaniple : — Find the molecular weight of copper nitrate 
Cu (NO3),. 

NoTB. — The moleoular weight, or the weight of a molecule, of a 
substance is equal to the total weight of the atoms composing it. 



Cu 


= 68-6 


2N 


= 14 X 2 = 28 


60 


= 16 X 6 = 96 




187-6 



SOLUTION OF PROBLEMS. 
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To find the percentage composition of a substance. 

Example : — Find the percentage composition of ECIO, (potas- 
sium chlorate). 

NoTB. — The qnestion reqnires yon to find how many parts of potassiam, 
chlorine, and oxygen, by weight, are contained in 100 parts of KOlO,. 

(1) Find the molecalar weight of the compound. 

(2) Find by proportion the amount of each element in every 

100 parts of the compound. 

Molecular weight of EClO, = 89 + 85-5 + 48 =s 122*5. 

Weights of E, CI, and in 122*5 parts of EClO, are known, 
therefore for the required answers we arrange the following 
proportions :— 



KCIO, 
122-5 


• 


KCIO- 
100 


• • 

• • 


Potassium. 
89 : 


EClO, 
122-5 


• 


KCIO, 
100 


• • 

• • 


Chlorine. 
85-5 : 


EClO, 
122-5 


• 


KCIO, 
100 


• • 

• • 


Oxygen. 
48 : 



X 



X 



X 



On working out these proportions we get : — 

Potassium ... 81*84 

Chlorine 28*98 

Oxygen 89*18, 



= percentage composition of EClO,. 



100*00 



PROBLEMS INVOLVINa QUANTITIES OF 
SXTBSTANCE8 BY WEIGHT. 

Bule 1. Write out the equation. 

Bule 2. Put the atomic or molecular weights under each term of 
the equation. You can then reason from the known 
to the unknown, and obtain the required answer by 
a simple proportion. 
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Examples showing the varions forms in which a question may 
be presented : — 



(i.) 
ii.) 

#••• - 

[m 



How much Na combines with 100 grams of CI ? 
CI „ „ 100 grams of Na ? 

NaCl can be formed from 100 grams of CI ? 



olution of (i.) — 
(a) The equation 
(hi) The atomic or ) 
molecular weights) 



99 
99 
99 



99 
91 
99 
99 



NaCl 
Na is 
CI 



99 



100 grams of Na ? 
contained in 100 grams of NaCl ? 

100 grams of NaCl ? 



f» 



99 



Na + CI = NaCl 
28 + 86-5 = 58-5 



(c) The answer will consist of Na (the question is — How 
much Na?) Put Na with its weight in the 8rd term. 

{d) The answer will be greater than 28 (the number in the 
8rd term), because there will be more Na in 100 
parts of NaCl than in 58*5 parts — see equation in (b) 
— ^Hence arrange your proportion so that the answer 
shall be greater, tiius : — 
CI CI Na 

85.5 : 100 :: 28 : 



X 



100 



85.5)2800(64.78 
2180 

1700 
1420 



2S00 

2485 



8150 



Amount of Na required to unite ) /» . rro «^«^„ *•»« 

.„ ^ ^^ ^ ^, ?• = o4.7o grams Ans. 

with 100 grams of CI j ^ 

The following are the proportions for the solutions of (ii.), (iii.), 





Na 


(ii.) 


28 




CI 


(iii.) 


86.6 




Na 


(iv.) 


28 




NaCl 


(V.) 


68.6 




Naa 


rfij 


68.6 



Na 
100 

CI 
100 

Na 
100 

NaCl 
100 

NaCl 
100 















CI 
85.5 

NaCl 

58.5 

NaCl 

58.5 

Na 

28 

CI 

85.5 



X 



X 



X 



X 



X 
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ON THE LAW OF VOLX7MES. 

2 atoms of H + 1 atom of = 1 molecule of H^O. 

The above may be read thus : — • 

2 Yolames of H + 1 volume of = 2 volumes of H,0. 

From this it will be seen that for atom, we read volume^ and for 
molecule, two volumes. Now note particnlarly : — ^No matter how 
many atoms of different elements may be required in order to form 
a compound, when they unite they form one molecule of that com- 
pound ; or, in other words, — ^No matter how many volumes of 
different elements may be required in order to form a compound, 
the resulting compound always occupies only two volumes. These 
facts have been determined by experiment. Examples :— 

1 vol. of H + 1 vol. of CI =2 vols, of HCl. 

2 vols, of H + 1 vol. of S =2 vols, of H,S. 
8 vols, of H + 1 vol. of N = 2 vols, of NH,. 
4 vols, of H + 1 vol. of = 2 vols, of OH^. 
2 vols, of N + 1 vol. of = 2 vols, of N,0. 

To find the weight of a given volnme of a simple 
or compound gas at 0^0. and 760 m.m. pressure. 

Note. — ^The weight of 1 litre of hydrogen at the normal tempera- 
ture and pressure, viz : — ^At 0^0. and 760 m.m. of mercury = 
'0896 gramSi or 1 crith. Eemembering this, we are able to 
calculate the weight of any gas whether simple or compound. 

I. Simple or elementary gases. 

Example : — ^Find the weight of 1 litre of oxygen at N.T.P.* 

Now the atomic weight of oxygen is 16 ; that is, oxygen is 16 
times as heavy as hydrogen. 

But 1 litre of hydrogen weighs *0896 grams. 

••• 1 litre of oxygen weighs *0896 x 16 = 1*48 grams. 

Id the same way — 

1 litre of nitrogen weighs '0896 X 14 = 1-25 grams. 

1 litre of chlorine weighs *0896 X 85*5 s 8*18 grams. 

*NofTB. N.T.P.=Normal temperatnre and pressure, viz. :— 0?0. and 760 
m.m. pressure. 
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II. Compound gases. 

Example : — ^Find the weight of 1 litre of ammonia at N.T.P. 
N + H, = NH, 

1 volame + ^ volnmes = 2 volames. 

14 + 8 = 17 = weight of 2 volnmes. 

Therefore weight of 1 volnme = V = 8*5 (compared with hydrogen) 

Bnt weight of 1 litre of H = *0896 grams. 

.-. weight of 1 litre of NH3 = -0896 x 8-5 grams. 

s •7616 grams. 

To find the volnme occupied by a given weight of a 
simple or compound gas at O^C. and 760 m.m. pressure. 

We know that '0896 gram of H occupies 1 litre (at N.T.P.). 

/DiTidlBg throiigh-\ • 1 or Am ■*• lifrA 

\ out by •owe. ; • • •■• gram „ Tqqqq ""®* 

= 11-16 Htres. 
Bemembering this fact, we can calculate the volume occupied by 
any gas when we know its weight compared with hydrogen at the 
same temparature and pressure, thus : — 

Because 1 gram of H ^...occupies 11*16 litres. 

.*. 16 grams of occupy 11*16 „ 

' Also 14 „ N „ 11*16 „ 

86*5 „ CI „ 11-16 „ 

82 ff S vapour „ 11*16 „ 

For compound gases, since the weight of one volume compared 
with hydrogen = 5?l?£El^Z?LgM , therefore- 

17 

-1 or 8*5 grams of NH, occupy 11*16 litres. 

^ or 9 „ H.O „ 1M6 „ 

^ or 18-26 „ HOI „ 1M6 „ 

^ or 82 „ SO, „ 1116 „ 

2 

Example : — ^What volume of chlorine can be obtained from 50 
grains of hydrochloric acid at N.T.P. ? 
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HCl =3 H + CI (by electrolysis) 
86-6 = 1 + 85-5 

Now 85*5 grams of chlorine occupy 11*16 litres. 

Hence the question becomes — ^If 11*16 litres of chlorine can be 
obtained from 86*5 grams of hydrochloric acid, how many litres of 
chlorine can be obtained from 50 grams of that acid ? 

grams grams litres 

86*6 : 60 :: 11-16 : x 

50 X 11*16 



86-5 



= 15*287 litres of chlorine. 



To find the volume resulting from the combination 
of gaseous bodies. 

Example 1. — If a mixture of 20 o.o. of hydrogen and 10 c.c. of 
oxygen at 140^C. be exploded, what yolame of steam will 
be formed ? 



By the equation 

hydrogen 

and 2 vols. 


+ 
+ 




oxygen 

Ivol. 


=s 


5® 

steam 

2 vols. 


therefore 20 o.c. 


+ 


10 CO. 


=rs 


20 c.c. 



Answer, 20 o.o of steam. 

Example 2. — ^If 100 c.c. of hydrogen are mixed with 150 c.c of 
chlorine, and exploded, what volume of hydrochloric acid 
is produced ? Which gas, and how much of it, remains 
uncombined ? 

By the equation — 

H + CI = HCl 

hydrogen chlorine hydroohlorio add. 

and 1 vol. + 1 vol. = 2 vols, 

therefore 100 o.c. + 100 o.o. =3 200 c.c. 

From this it will be seen that 100 c.c. of the chlorine unite 
with all the hydrogen forming 200 o.c. of hydrochloric 
acid gas ; the remaining 50 o.c. of chlorine are left un- 
combined. 

Amtwer. 200 c.c. of HCl ; 50 c.c. CI. 
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Example 8. — One volome of carbon monoxide (carbonic oxide) 
gas is mixed with two volumes of oxygen, and an electric 
spark passed through the mixture. What volume of 
carbon dioxide gas (carbonic anhydride) is formed, and 
what volume of oxygen left ? (Science and Art Depart- 
ment Examination. 1877*) 

By the equation — 

CO + = CO, 

carbon monoxide oxygen carbon £oxide 

and 2 vols.* + 1 vol. = 2 vols.* 
therefore 1 vol. + i vol. = 1 vol. 

(dividing by 2) 

From this it will be seen that 1 volume of carbon monoxide 
requires only ^ volume of oxygen to unite with it to form 
carbon dioxide; the additional 1^ volumes of oxygen 
remain behind uncombined* 

Answer : 1 volume of carbon dioxide ; 1^ volumes of oxygen left. 

* It Bhoold be remembered that a molecule is always written 2 Yolmnes, 
whatever number of atoms it containB. 

Density and specific gravity of gases. 

The density of a gas = its weight compared with hydrogen ; 
and, therefore, for elementary gases, = its atomic weight, and for 

^^r^^^r..>A ^a^a ^^^ molocular weight, 
compound gases, = ^ 2_ 

ThuSi density of oxygen = 16 

„ nitrogen s= 14 

18 
2 



I, steam = -^^ :^ 9 



„ ».^ai„^.« = . 



The specific gravity of a gas = its weight compared with air. 
Air is 14*42 times as heavy as hydrogen, tiierefore the weight of 

hydrogen compared with air is = ^ , ,^ = *06d8. 

14*42 



Hence specific gravity of hydrogen = '0698. 
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Bemembering the speeifio gravity of hydrogen, it is easy to 
oaloolate the specific gravity of any gas, viz. : — ^By multiplying 
•0698 by the weight of one volome of the gas compared with 
hydrogen. 

Thus, specific gravity of oxygen, compared with air, is— 

•0698 X 16 = 1-108 

of chlorine -0698 x 85*5 s 2-460 

of hydrochloric acid '0698 x 18'25.= 1;264 

Empirioal formnlse express (1) the elements composing a 
componnd, (2) the proportional number of atoms of each element 
present in a molecole of the componnd; thus, CHsO is the 
empirical formula for acetic acid. 

Rational formnlse express the a>etual number of atoms of 
each element present in a molecule of a compound ; thus, 0^ H^ 0, 
is the rational formula for acetic acid. 

The empirical formula for a compound is used only when the 
rational formula is unknown. 

To find the empirical formula of a substance fk'om 
its percentage composition. 

Bule : — (a) Divide the percentage amount of each element by 

its atomic weight. 

(b) Divide each of the results in (a) by the lowest result. 

(c) Beduce to simplest relation in whole numbers. 

Example: — A compound consists of iron and oxygen in the 
following proportion : — 

Iron 70*00 

Oxygen 80-00 



100-00 



Atomic weight of Fe = 56 ; atomic weight of = 16 

By (a) Iron = Z^ = 1-26 

56 

80 
Oxygen =^ = 1-875 

By (6) Iron = i;| = 1 

Oxygen = ^^ = 1-6 (or U) 



76 
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By (c) We now find the lowest whole nnmbers in 
the ratio of 1 : 1^, as we cannot have 
fractions of atoms. Multiplying each 
by 2, we get — 

Iron = 2 
Oxygen = 8 
Hence formnla = Fe, Os (ferric oxide). 



SUMMARY OF EQUATIONS. 

Yon are recommended to use these equations in the following 
way : — Afber having carefally learnt them, test your knowledge by 
covering the right hand side with a strip of paper, and complete the 
equation from memory. 



Preparation. 
1. K, + 

potaaniim. 



HYDROGEN. 



2H,0 



= 2KH0 + 

oauBtio potash. 



hydrogen. 



2. 



Na, 

■odfamL 



2H,0 

water. 



= 2NaH0 + 

eaastioBoda. 



hydrogen. 



8. Zn + H^SO^ 

sine. Bulphnrio 

aoid. 



= ZnSO^ + 



zino 
Bnlphate. 



'2 



hydrogen. 



4. Fe + H,SO^ 

iron. Bulphnrio 

add. 



= FeSO^ 

ferrons 
Bnlphate. 



+ H, 

hydrogen. 



6. Zn + — 2HG1 = 

sine. hydrochloiio 

add. 



ZnCl^ 

zinc 
chloride. 



+ H. 

hydrogen. 



6. 



Fe 

iron. 



2HC1 = 

hydroohlorio 
add. 



reci, 

ferrons 
chloride. 



+ H, 

hydrogen. 



7. Fe, + 4HtO 

iron. Bteam. 



= Fe,0, 

magnetlo 
oxide of iron. 



4H, 

hydrogen. 



8. Zn + 2KnO 

jdnow eanstlo 

potMh. 



K.ZnO, + H, 

potafldnm hydrogen, 

sino oxide. 
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Prqfaration. 

1. 2HgO 

mercnrio oxide. 

2. 2KC10, 

potaaBiam dilorate. 



OXYGEN, 
Hg. + 

meroiuy 

2K01 + 

potastium diloride. 



8, 8MnO, = MrijO^ + 

mAnganeM dioxide. trimangaoio tetroxide. 



0. 

oxygen. 

80, 

oxygen. 



oxygen. 



4, MnO, + 2KCIO3 

manganese potassic 

dioxide. ohlorate. 



= 2KC1 + MnO, + 80. 



potasBip 
ohlozide. 



manganese 
dioxide. 



oxygen. 



5. 2H,0 + 

steam. 



201, 

ehlorine. 



= 4HC1 + 

hydroohlozle 
aoid. 



0, 

oxygen. 



6. 2MnO, + 2H,S0^ 

manganese sulphnrio 

dioxide. acid. 



2MnS0^ + 2H,0 + O^ 

manganese water. oxygen, 

snll^te. 



OZONE. 

0.. 
Preparation. 

1. By passing a series of electric sparks through air or oxygen. 

2. By the action of phosphorus on moist air. 

8. By passing an electric current through dilute sulphuric acid. 



Tsst. 

0, + 2KI + 

oione. potassium 

iodide. 



H,0 

water 



2KH0 + I, 

potassium iodine, 

hydrate. 



+ 0, 

oxygen. 



Preparation* 
1. BaO, + 

barinm 
peroxide. 



HYDBOGEN DIOXIDE. 



H.O.. 



H.O 

water. 



+ 



CO, 

carbon 
dioxide. 



= BaCO, + H,0, 

barium hydrogen 

carbonate. dioxide, 



2. 



BaO, + 2HC1 = 

barinm hydroohlotio 

peroxide. acid. 



Bad, 

barinm 
chloride. 



hydrogen 
dioxide. 
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Reactions. 
1. 



PbS 

iMd 
•unhide. 



4H.0, 

hydrozyL 



PbSO^ 

iMd 

sulphate. 



4H,0 

water. 



2. Ag,0 + H,0, 

.snyer oxide hj&oxjh 



Ag. + H,0 

sIlTer. water. 



+ 0. 

oxygen* 



3. H,0, + 0, 

hydrozyl. ozone. 



H,0 

water. 



+ 



20. 

oigrgen. 



OHLOBINE. 

Preparation. 

1. MnO, + 4H01 = MnCl, + CI 



manganese 
dioxide. 



bydroohlorio 
aoid. 



manganona 
ohioride. 



9 

ohlorine. 



+ 2H,0 

water. 



2. 2NaCl + MnO< 



sodinm 
diloride. 



manganese 
dioxide. 



+ 2H,S0« 

golphurio 
add. 



Na.SO^ 

sodium 
sulphate. 



+ MnSO^ 



manganese 
sulphate. 



+ 2H,0 + CI, 

water. ohlorine. 



Reaction. 
1. 



^10^16 

turpentine. 



+ 801, 

ohlorine 



= 16HC1 + IOC 

hydroohlorio aoid. earbon 



Preparation, 
1. NaCl 



sodium 
ehloride. 



HTDBOCHLOBIO AOID. 



+ H,SO« = 

sulphnrio 
aoid. 



NaHSO^ + HCl 



aoid sodium 
sulphate. 



hydroohlorio 
aoid. 



2. 2NaCl 



sodium 
chloride. 



+ H.SO^ 

sulphuric 
aicid. 



Na.SO^ + 

sodium 
sulphate. 



2HC1 

hydrochlorie 
acid. 



8. H, 



hydrogen. 



01. 

ohlorine. 



2HC1 

hydroohlorio aeid. 



Reactions, 

1, HCl + 

hydroohlorio 
add. 



KHO =: KCl 



potassium 
hydrate. 



potassium 
ohioride. 



H.O 

water. 



2. 2HC1 + Na CO, 

hydroeUozle sodium 

acid. carbonate. 



2NaCl 

sodium 
chloride. 



CO. 

carbon 
dioxide. 



+ 



H.O 

water. 
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1. CO, 



OABBONIO ACm. 
H.OOg (nMUbU). 

H,0 a H,CO„ earbonie aeid. 



Prtparatum. 
1. C 



OABBON DIOXIDE. 



0. 



00. 

dioxUU. 



2. OaCO, + 2HG1 

ealrtmn l^droehlofio 



OaGl, 

ehloxide. 



+ H.O + CO, 



8. CaCO, + 2HN0, 

etrboiuito. 



dioxide 



Ca(NO,),+ H,0 + CO, 

Mldsm vmtr. osrtNm 

niinta. diozid*. 



4. Na,CO, + H,SO^ = Na 80^ + HO + CO, 

■odinm ralplnido ■odiam vmtr. osrtNm 



cmrboiuite. 



Rsaetiam. 

1. CO, + Ca(HOJ, 

mHmh diosida. Mldnin hjamU, 



■achate. 



s CaCO, + 

Mltfinm Atfboiuito 
(fnMoivhU), 



CMbOB 

dioxide. 



H,0 



2. CO, +0»C0, +H,0=C»CO,.H,CO„orCaH,(CO,), 

esrbon Mleinm WMor. Mldmn UoMlKnuitt 



dioxide. 



oubonato* 



(Mlabto). 



Preparation. 
1. CO, 

earbon dioxido. 



OABBON MONOXIDE. 







2C0 

Gttrbon monoxida* 



2. H,C,0^ + H,80^ =H,SO H,0+ CO, + CO 

oxalio ralplnirio ralpltiino add carbon eaiboi 

aeid. afOld. and water. dioxida. mooozl 



6H,0 



uii. 

8. K.PeO.N, + 

fnTocjanida 
of potaaainm. 

8(NHJ 80« + PeSO^ 

aaunoniiiiii fafxona 

aniphate. aolpiiate. 



monozidib 



+ 6H,S0 a 

anlphnrio aiM. 

+ 2K,S0^ + 

potMsinm 
aolphato. 



6C0 

carbon 
monoxide 



4. HCHO, + 

fonniaacll. 



H,SO^ =H,SO H 0+ CO 

ad^pbosie acid. aolphimc a<ld eaiboD monoiida. 

did water. 
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Preparation. NITROGEN. 

1. By burning phosphorns in a closed vesael contidning air. 

2. By passing air over red hot copper turnings. 
8. NH^NO, = 2H,0 + N, 

water. nitrogen. 



ftTnTnonimn nitrite. 



4. NH^Cl + NaNO, 

ammoninm sodinm 

chloride. nitrite. 



NaCi 

sodium 
ohloride. 



+ 2HiO + N, 



water. 



nitrogen 



6. 8C1, 

chlorine. 



+ 8NH, 

Bzmnonia. 



Preparation. 

1. 2NH^C1 + CaO 

ammoDinm oalciom 

ohloride. oxide. 



6NH^C1 

ammonliun 
chloride. 



AMMONIA. 

= CaCl, 

oalcinm 
diloride. 



+ 



nitrogen. 



H,0 + 2NH, 

water. ammonia. 



2. NH^Cl + NaHO 

Bzmnoninm caustlo 

chknide. soda. 

Reactions. 

1. NH, + 

ammonia. 



NaCi 

sodinm 
chloride. 



nci 

hydrochloric add. 



+ H,0 + NH 

water. 



3 

ammonia. 



NH^Cl 

ammonium ohloride. 



2. 



2NH. 

azmnonia. 



lulj^aric acid. 



= (NHJ.SO, 

ammonium sulphate. 



8. 



NH, 

ammonia. 



HNO, 

nitric acid. 



NH^NO, 

ammonium nitrate. 



NITRIC ACID. 
Preparation. 

1. By passing electric sparks through moist air. 

2. KNO3 + H,SO^ = KHSO^ + HNO3 

potassium snlphnrio acid potassium 

nitrate. acid. sulphate. 



nitric 
acid. 



8. 2KN0, + H,SO« 


= 


K,SO, 


+ 


2HN0 


potassium sulphuric 
nitrate. acid. 




potassium 
sulphate. 




nltrio 
add. 


Reaction, 










1. KHO + HNO3 


ssz 


KNO, 


+ 


H,0 


potassium nitric 
hydrate. acid. 




potassium 
nitrate. 




water. 


Action oj heat on nitric acid, 


» 








4HNO3 = 2H3O 


+ 


2N.0. 


+ 


0, 


JDJtrio add. water. 


nitrogen peroxide. 


oxygen 
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Preparation. 
1. 



NH^NO, 



mubous oxide. 



SH,0 + 



N.O 

aitroiis ozid*. 



2. 4Zn + lOHNO, = 4Zn(N03),+ 6H,0 + N,0 

sine. aitrioAoUL alne nitiftto. wii«r. nitnras 

oxtdo* 



NITEIC OXIDE. 
Preparatioti. 

1. 8Cu + 8HNO3 = 8Cn(N03),+ 

oopptr. uitrio aoid. oopptr nitrato. 



4H,0 

water. 



+ 2N0 

nitiio 
ozida. 



Preparatum, 
1. 



SULPHURETTED HYDROGEN. 






+ 



s 

snlphnr. 



■n^hurotted hydrogen. 



2. 



FeS 

fterons 
sulphide. 



+ 



H.SO, 

■nlphurio 
add. 



= FeSO^ 

ferrons 
■nlphate. 



H,8 

BQlpharetted 
hydrogen. 



8. 



F«S 

fetrow 
•alphlde. 



2HC1 = 

hydroehlorlo 
add. 



FeCl, 

ferrona 
chloride. 



+ H,8 

sulphuretted 
hydrogen. 



4. 



Sb.S, + 6HC1 = 

antimony hydroohlorio 

risnlphide. acid. 



2SbCl, 

antimony 
trichloride. 



+ 8H,S 

sniphnretted 
hydrogen. 



Preparation. 
1. S 

snlphnr. 



SULPHUB DIOXIDE. 



+ 



0. 

oxygen. 



so, 

snlphttr dioxide. 



2. Cu + 2H 80^ = CuSO^ + 2H,0 + 80, 



copper. 



snlphnzie 
acid. 



copper 
sulphate. 



water. 



sulphur 
dioxide. 



a. 



Hg 

mercury. 



+ 2H so, 

snlphuzie 



add. 



HgSO, + 

mercurio 
sulphate. 



2H,0 

water. 



+ so, 

sulphur 
dioxide. 



+ 2H,S0« 

carbon. snlphuxio 

add. 



00, 

carbon 



+ 2H,0 



+ 280, 

sulphur 
diraide. 



82 



THEORETICAL CHEMISTRY. 



Prtparation. 
SO, 

mlphiir diozldt. 



StJLPHUKOUS AOm. 
H,SO. (onstable). 



H.O 

water. 



= H,SO. 

■alphnrout add. 



Beaetion. 

satphiiroiu 
add. 



2NaH0 

sodium 
l^drate. 



= Na.SO. + 



Bodinm 
•nlpmte. 



2H,0 

water. 



Oxidation of sulphurous acid : — 

1. H,SO, + 2HNO3 = H,SO, 

salphnroiia nitrio snlpbario 

add. add* add. 



nitroffen 
tatroade. 



+ H,0 

water. 



2. 



H so, 

ialphuTons 
add. 



+ 



hydroxyl. 



H,SO, 

snlphnxie 
add. 



H,0 

water. 



8. H^SO, + CI, 

snlphnroae dilorine. 

aoid. 



+ 



H,0 

water. 



H,SO, 

snlphnrio 
add. 



+ 2HC1 

hydrochloiie 
add. 



Distinction between solphnrons and solphoric acids : — 



1. H,SO, + 

■nl^nroot 
add. 



BaClj, 

barium 
diloride. 



= BaSO, + 

baxinm Bolphito 
(aoluble in HGl). 



2HC1 

bydroobUnie 
add. 



2. H,SO^ + 

tnlpbuio 



BaCl, 

baxima 
diloride. 



= BaSO^ + 

barinm sulphate 
(insoluble in HGl). 



2HC1 

bydrodalcnic 
add. 



Sulphites are recognised by the characteristic odoar of sulphur 
dioxide which is given off on the addition of a strong acid, thus : — 

Na.SO, + H,SO^ = Na 80^ + H,0 + SO, 

sodium sulpbnzio sodium water. sulphur 



sa^hite. 



add. 



sulphate. 



diosdda. 



Preparation. 

1. 



SO, 

sulphur dfozide. 



SULPHUB TRIOXIDE. 



+ 





oxygen. 



80 



sulphur triozide. 



2. HjSO^SO, 

Nordbausen 
BuJpbaric Mdd* 



H,SO, 

sulpbuxie add. 



so, 

sulphur trioxide. 
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Preparation* 
1. SO, 

•nlphiir tiioslde. 



SULPHURIC ACm. 



H,0 

water. 



H.SO, 

■nlphiuie ado. 



2. H,SO, 

tnlphimras Mid. 





oxygen* 



folpharie add. 



Manu/aeture* 
(a) SO, + 

■nlplrar 
dioxide. 



2HN0. = 



nitrlo 
acid. 



H,80, 

•nlphnzio 
add. 



N.O, 

nitrogen 
tetrozide. 



(6) 8N,0^ + 2H,0 

nitrogen water, 

tetrozide. 



4HN0, + 2N0 

niirie nitrie 

add. oxide. 



(e) 2N0 

nitric oxide. 





oxygen. 



N,0. 

nitrogen trioxide. 



(d) 



so, 

ralplittr 
dioxide. 



+ 



H,0 

water. 



+ 



N.O. 

nitrogen 
tdoxide. 



H,80, + 

•niplniiic 



2N0 

niMe 



Aetion of water on the leaden chamber crystals :- 
S.O.(NOJ,+ 2H,0 = 2H,80, + N,0, 

crystalline water. talphnric nitre ~'~ 

compound. add. trio: 



'ogen 
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QTJBSTIOISrS. 

Questions marked * are taken from the Science and Art 
Department Examination Papers, 

In the examples marked t the gases are supposed to be at the normal 

temperature and pressure, 

1. Give the names of the elements represented by the following 
symbols : — Al, 8b, As, Ba, Bi, B, Br, Cd, Ca, Cr, Co, Cu, F, Au, 
I, Fe, Pb, Mg, Mn, Hg, Ni, N, P, Pt, H, Se, Ag, Si, Sr, Sn. 

2. Give the atomic weights of the following elements : — Ca, C, 
CI, Cu, H, Fe, Mn, Hg, N, 0, Na, S, Zn. 

8. Write the names and symbols of the non-metals. 

4. Divide the following elements into metals and non-metals : — 
Hg, P, Pt, Br, Ba, Ag, CI, Si, Na. 

5. Define the following terms : — ^Element, compound, mixture* 
Give three examples of each. 

6. The symbol for sulphuric acid is H^SO^. State fully what 
these symbols indicate. 

7. The following formulsB are intended to represent calcium 
nitrate:— Ca (NO,),, Ca 2NO3, Ca 2 (N0)3. One of them is 
wrong ; correct it, and say what difference the mistake would make 
in the weight. 

8. Define atom, molecule, combining weight, and atomic weight* 

9. Divide the following list into elements and compounds : — 
Chalk, charcoal, water, sulphur, lime, sand, iron, lead, diamond. 

10. How would you distinguish between a mixture of iron filings 
and sulphur, and a chemical compound of these two substances ? 

11. What is the difference between chemical action and mere 
physical change ? Give an illustration. 

12. A knife blade is dipped into a solution of copper chloride* 
What is the result and explain it by an equation ? 

18. Can the above experiment be repeated any number of times ? 
Give a reason for your answer. 

14. In the experiment (Ques. 12) does the solution gain or lose in 
reight, and why ? 
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15. What occurs when mercuric chloride is added to potassinm 
iodide t Give the equation. 

16. How wonld yon separate the following mixtures :— 

fL) Sand and salt. 

NoTB :~Salt diasolvet ia water ; Mmd does not. 

01.) Salt and chalk. 

Rots :— Salt dittolvei in water; chalk does not. 

(Hi.) Sand and chalk. 

Note :— (a) Chalk is calciom carbonate, and carbonates are decom- 
posed by HCl, or any acid; sand is not acted oi>on by 
HCl. Ammoniom carbonate added to a solution oi 
caldum chloride gives a precipitate of chalk. 

(6) Chalk is soluble in water containing carbon dioxide. 

(iv.) Potassium chlorate and potassium chloride. 

Note :— Both substances dissolve in water^ tht latter more readily 
than the former, and on boiling down carefully the 
chlontt crystallizes out b^ore the chloride. 

(v.) Charcoal and sulphur. 

NoTs: — Sulphur is dissolved In carbon disulphide: charcoal is 
unacted upon by it. Carbon disulphide will volatilize. 

(vi.) Nitre and sulphur. 

NoTS :— Nitre is soluble in water. 

(vii.) Sand and ammonium chloride ? 

Note :— Ammonium chloride is volatile, and soluble in water. 

17. *A white powder is shaken np with distilled water. How 
wonld yon ascertain whether any of it dissohes ? 

18. "^A glass fall of dirty water is given to yon. Describe, with 
sketchy the plan yon wonld adopt, first for rendering the water 
clear; and, secondly, for ascertaining whether the clear water 
contains any dissolved solid matter. 

19. How would you obtain pure water firom sea water ? 
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HYDROGEN. 

20. Give the atomic weight, molecular weight, specific gravity^ 
and the weight of one litre of hydrogen* 

21. Hydrogen may be prepared by the following methods* Ck)m- 
plete the equations, giving the names and weights as shown in (i.) : — 



(i.) Na + 

Bodiom -|~ 


H,0 = 

water == 


NaHO 

sodium hydrate 


+ 

+ 


E 

hydrogen. 


23 + 


18 = 


40 


+ 


1 


(H.) K + 
(iii.) Zn + 


H,0 = 
2HC1 = 








(iv.) Zn + 
(v.) Fe + 


2HC1 = 








(vi.) Fe + 
(vii.)8Fe + 

(viii.) Zn + 


H.SO, = 
4H,0 = 

steam. 

9.KH0 = 








^ix.) (By electrolysis) H^O 


=s 







22. Sketch and describe the apparatus you would use to obtain 
hydrogen : — 

(a) From water by the addition of sodium. 

{h) From dilute sulphuric acid by the addition o zinc. 
Show carefully the position of the thistle funnel 
and delivery tubes. 

(c) From water by passing it in the form of steam over 
red hot iron turnings. 

23. Describe fully the experiments you would make to show — 

(a) The extreme lightness of hydrogen. 
(6) That it bums but does not support combustion, 
(c) That when hydrogen bums in air, water is formed. 
{d) That hydrogen diffuses with great readiness. 

24. tGive the weights of the following volumes of hydrogen : — 
1*5 litre, 10 litres, 5*5 litres. 

26. tWhat volumes will the following weights of hydrogen 
occupy: — 1 gram, *5 gram, *25 gram, 2*5 grams, 10 grams? . 
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26. What weight of water can be decomposed by 115 grams of 
sodinm 9 

27. fHow much sodinm will be reqnired with which to obtain 
11*16 litres oi hydrogen from water 9 

28. When potassinm was thrown on water 72 grams of water 
were decomposed. How mnch canstic potash remained ? 

29. How many grams of hydrogen may be obtained by acting 
on zinc with 196 grams of snlphnric acid ? 

80. What weight of hydrogen would be liberated from hydro- 
chloric acid by the addition of 195 grams of zinc ; and how much 
zinc chloride wonld remain ? 

81. fWhat measure of hydrogen could be obtained by the 
addition of 892 grams of snlphnric acid to iron ? 

82. tit is required to obtain 2 litres of hydrogen from sulphuric 
acid. How much zinc must be dissolved in it for this purpose ? 

88. tHow many Htres of hydrogen are produced by passing 216 
grams of water, in the form of steam, over red hot iron turnings ? 

84. If 216 grams of steam be decomposed by red hot iron 
tumiDgs, how much magnetic oxide of iron will be formed ? 

85. tHow much caustic potash must be added to zinc, so that 
on boiling, 11*16 litres of hydrogen may be hberated ? 

OXYGEN. 

86. Give the atomic weight, molecular weight, and the weight of 
one litre of oxygen. 

87. What proportion oi oxygen, by weight and by yolume, is 
contained in the atmosphere, and in water ? 

88. How would you prove by experiment that mercuric oxide is 
a compound and not an elementary substance ? Sketch and 
describe the apparatus you would use for this purpose. 

89. Oxygen may be prepared by the following methods* 
Complete ihe equations, giving the names and weights (compared 
with H) of each substance : — 

HgO = 
KCIO3 = 
8MnO, = 
MnO, + KCIO3 

By passing steam and chlorine through a red hot 
porcelain tube. 

H,0 + CI. 

Bteaxn 

,) MnO, + H.SO^ 

.) (By electrolysis) H,0 = 




(vii.: 
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40. What are the resulting products when hydrogen, carbon, 
snlphar, phosphorus, sodium, iron and zinc are burnt in oxygen ? 
Express the reactions by equations. 

41. tGive the weights of the following volumes of oxygen: — 
1*5 litre, 10 litres, 5*5 litres. 

42. t What Yolumes will the following weights of oxygen occupy : — 
1 gram, 16 grams, 24 grams, 100 grams ? 

Note. — Becanse 1 gram of H occnpies 11*16 litres. 
.*. 16 grams of occupy 11*16 litres. 

and 1 gram of occupies -—^ litres. 

r= -6976 Utres. 
48. How much mercury will remain after obtaining 48 grams 
of oxygen by heating mercuric oxide ? 

44. If 788 grams of manganese dioxide be heated, how much 
oxygen by weight can be obtained ? 

45. What weight of potassium chlorate is required to produce 
144 grams of oxygen ? 

46. How many grams of oxygen can be obtained from 490 
grams of chlorate of potash ? 

47. What weight of potassium chloride remains after obtaimng 
8 grams of oxygen from potassium chlorate ? 

48. tOn heating potassium chlorate, exactly 88*48 litres of 
oxygen were obtained. How much of the salt was used 7 

49. tif 216 grams of water are decomposed by the electric 
current, how many litres of oxygen may be collected ? 

50. tWhat weight of water was decomposed by electrolysis if 
the oxygen obtained measured 22*82 litres ? 

51. Some sulphuric acid was heated with manganese dioxide. 
It was afterwards found that 1057 grams of manganese sulphate 
remained. What weight of oxygen was liberated ? 

52. Steam and chlorine are passed together through a red-hot 
tube. It is found that 292 grams of hydrochloric acid are produced. 
What weight of oxygen was liberated ? 

58. How much oxygen by weight is contained in 100 parts of 
each of the following substances : — (i.) mercuric oxide, (ii.) water, 
(iii.) sulphuric acid ? 

54. After heating some copper in oxygen it was found to have 
increased in weight 80 grams. What weight of copper oxide was 
formed ? 
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OZONE. 

55. Write the symbol and graphic formula for ozone. Give the 
molecular weight, also the weight of one litre of ozone. 

56. Describe carefully the method yon would adopt in order to 
prepare ozone. 

57. Describe the test yon would use to detect the presence of 
ozone. 

58. Mention some properties of ozone. 

59. Complete the equation :— 

2KI + 0, + H,0 = 

60. Ozone is termed aUotropic oxygen. Explain the meaning 
of the term aUotropic. 

COMBUSTION. 

61. Describe fully the chemistry of the candle flame. How 
would you show that carbon dioxide and water result from the 
burning of a candle ? 

62. Describe, with sketch, the principle of the Bunsen burner. 

68. Matter cannot be destroyed. Describe fully how you would 
prove this by experiment. 

64. Explain the terms *' combustion," ''combustible gas," 
** supporter of combustion," and '' point of ignition." 

65. Hydrogen bums, but does not support combustion ; oxygen 
does not bum, but supports combustion. When are these state- 
ments troe, and when not true ? 

66. Describe and explain the ** Davy lamp." 

67. The blowpipe flame consists of two parts, called the 
oxidising flame, and the de^oxididng or reducing flame* Explain 
why they are so called. 

WATER. 

68. Give the formula, molecular weight, density, and weight of 
one litre of water (steam). 

69. You have some spring water and distilled water given to you 
in separate glasses. How would you decide which was which ? 

70. Describe fully an experiment which shows by analysis 
(splitting np^ that water is composed of hydrogen and oxygen in 
the proportion of two volumes of hydrogen to one volume of 
oxygen. 
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71. Describe an experiment which proves by synthesis (putting 
together) that water is composed of exactly two yolnmes of hydrogen 
and one Tolome of oxygen. 

72. It may be shown by experiment that when two Tolames of 
hydrogen nnite with one yolome ot oxygen, two volumes of steam at 
the same temperature and pressure are the result. Describe, with 
sketch, the apparatus used. 

78. Sketch and explain the apparatus used to show the com- 
position of water by weight. 

74. \li 100 grams of water are decomposed by an electric 
current, how many litres of hydrogen and of oxygen will be 
obtained ? 

75. A gas bag contains 144 grams of oxygen. How many grams 
of hydrogen are required to unite with all the oxygen in order to 
form water ? 

76. fWhat volume of oxygen is required to unite with 100 grams 
of hydrogen ? 

77. What weight of water must be used to obtain 10 grams of 
oxygen by electrolysis ? 

78. If 20 grams of hydrogen are passed through a heated tube 
containing an excess of copper oxide, what weight of water would 
be formed ? 

79. Find the quantity of copper remaining when 159 grams of 
copper oxide have been reduced in a current of hydrogen. 

80. If a mixture of 28 c.c. of hydrogen and 14 c.c. of oxygen 
at 182^0. be exploded, what volume of steam vnll be formed ? 

81. We mix together 30 c.c. of hydrogen, and 18 c.c. of oxygen. 
If the mixture be exploded at 156''G, what volume of gas will 
remain, and what will it be composed of? 

82. In the previous question substitute 25 c.c. of hydrogen, 
and 15 c.c. of oxygen. 

88. fHydrogen burns at a jet in oxygen till 10 litres of the 
hydrogen are consumed. What volume of oxygen took part in the 
burning, and what weight of water resulted ? 

84. We require sufficient oxygen to unite with all the hydrogen 
in 892 grams of sulphuric acid. How much mercuric oxide 
must be decomposed in order to obtain the exact quantity of 
oxygen ? 
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PEROXIDES. 

86. How may red lead (PbjO.) be obtained from the yellow 
oxide of lead (PbO) ? 

86. Describe by experiment the action of a strong heat on red 
lead. 

87. It hag been proposed to use bariam oxide as a means of 
obtaining oxygen on a large scale. Describe experiments explain- 
ing this use of barium oxide. 

88. How is hydrogen dioxide (hydroxyl) prepared ? Give the 
equation. 

89. Describe a test used to detect the presence of hydrogen 
dioxide. 

90. What are the properties of hydrogen diotide ? 

91. Explain the action of hydrogen dioxide in renovating old oil 
paintings. 

92. Explain the meaning of the terms '' oxidising *' and 
'* reducing" agents, and give examples. 

98. Carbon dioxide is passed into water to which 888 grams of 
barium dioxide are added, until the whole of the latter is converted 
into carbonate with liberation of oxygen. "What weight of hydrogen 
peroxide is formed ? 

94. What weight of barium dioxide will be required in order to 
supply sufficient oxygen to produce 102 grams of hydrogen dioxide ? 

95. Hydrochloric acid is added to barium dioxide with the 
formation of 416 grams of barium chloride. What weight of hydro- 
chloric acid was used, and what is the amount of hydrogen dioxide 
formed ? 

96. Find the weight of oxygen which may be obtained by 
heating 806 grams of hydrogen dioxide. 

97. What percentage of oxygen by weight is contained in 
hydrogen dioxide ? 

CHLORINE. 

98. What is the molecular weight, density, specific gravity, and 
the weight of one litre of chlorine ? 

99. Mention two ready methods of obtaining chlorine (i.) from 
hydrogen chloride, (ii.) from sodium chloride, and give the 
equations. Sketch and describe the apparatus used. 

100. Chlorine may be collected by downward displacement, but 
not over water or mercury. Explain the reason in each. ^^^^« 
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101. The foUowiog substancos are introduced into jars of chlorine 
gas. State the results and give equations : — 

(i.) A lighted taper. 

(ii.) finely powdered antimony. 

(iii.) A piece of phosphorus. 

(iv.) A piece of sodium. 

(y.) A solution of litmus. 

(vi.) A burning jet of hydrogen. 

(vii.) A piece of filter paper, or tow, soaked in turpen- 
tine (C,,H, J. 

102. Describe the apparatus yon would use for decompesbg 
steam by chlorine. 

108. Explain the bleaching action of chlorine. 

104. Chlorine water is decomposed :— 
(i.) When exposed to sunlight. 

(ii.) On addition of sulphuretted hydrogen water. 
Explain this. 

105. t Calculate the weights of the following volumes of 
chlorine: — 1*5 litre; 2*5 litres; 10 litres. 

106. fWhat volumes will the following weights of chlorine 
occupy: — 85*5 grams, 71 grams, 284 grams ? 

107. It is required to obtain 85*5 grams of chlorine. How much 
manganese dioxide must be heated with hydrochloric acid in order 
to produce that quantity ? 

108. Find the quantity of hydrochloric used, and of manganous 
chloride left, m the previous question. 

109. tWhat weight of manganese dioxide must be heated with 
hydrochloric acid in order to obtain 88*48 litres of chlorine ? 

110. fWhat weight and what volume of chlorine can be obtained 
from 58*5 grams of common salt, by the addition of sulphuric acid 
and manganese dioxide ? 

111. f What weight of sodium chloride must be used in order to 
obtain from it dxac% 1 litre of chlorine ? 
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HTDBOOHLORIC ACID. 

112. t What is the molecular weight, density, specific gravity, and 
the weight of one litre of hydrochloric acid gas ? 

118. flow may hydrochloric acid be prepared ? Describe the 
apparatus used and give equations. 

114* You are supplied with the following apparatus : — three jars 
of hydrochloric acid gas, a taper, a basin of water, a solution 
of litmus, and a solution of sodium hydrate. What properties of 
hydrochloric acid gas would you illustrate with these ? 

115. ^Hydrochloric acid is stated to be composed of equal volumes 
of chlorine and hydrogen united without condensation. How would 
you prove experimentally that this is the case (a) by analysis ; {b) 
by synthesis ? 

116. What happens when gaseous hydrochloric acid is passed over 
manganese dioxide ? 

117. You have given to you some sulphuric acid, manganese 
dioxide, and silver nitrate. How would you proceed with jthese to 
test for the presence of chlorine ? 

118. jGive the weights of the following volumes of hydrochloric 
gas : — 2 litres, 8*5 litres, of 5*5 litres. 

119. tWhat volumes will the following weights of hydrochloric 
acid gas occupy : — 18*26 grams, 2 grams, 5 grams ? 

120. It is required to obtain 78 grams of hydrochloric acid from 
sodium chloride by the addition of sulphuric acid. What weight of 
sodium chloride must be used for this purpose ? 

121. jHow much sulphuric acid by weight must be added to 
sodium chloride in order to produce at a gentle heat 11*16 litres of 
hydrochloric acid gas ? Also, what weight of acid sodium sulphate 
remains ? 

122. tA certain quantity of hydrogen and chlorine were mixed 
and exploded, forming 78 grams of hydrochloric acid. What were 
the quantities, by weight and by volume, of both hydrogen and 
chlorine ? 

128. What weight of sodium chloride would be formed after 
passing 146 grams of Lydrocbloric acid gas into a solution of 
sodium hydrate ? 
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CARBON. 

124. *De8cribe the allotropic forms of carbon. How wonid you 
prove that these different substances consist of the same element ? 

125. In what way are putrid gases rendered harmless by 
charcoal ? 

126. A piece of pare carbon was burnt completely in a current 
of air. The resulting carbon dioxide weighed 11 grams. What 
was the weight of the carbon ? 

CARBON DIOXIDE. 

127. You are required to prove that carbon dioxide (carbonic acid 
gas) is formed when wood is burnt. Describe and sketch the 
apparatus you would use. 

128. What is the action of hydrochloric acid on marble 7 Sketch 
and describe the apparatus you would use to collect the gaseous 
product; also give the equation. Would you prefer to use 
sulphuric acid in this experiment, and why ? 

129. You are reqmred to explain the following results, and in each 
case to give an equation : — 

(i.) Carbon dioxide is passed into lime water, and the lime 
water is turned milky. 

(ii.) The carbon dioxide is passed for some time, when 
the milky solution at length becomes clear. 

(iii.) The clear solution in (ii.) is divided into two parts (a) 
and (6). 

{a) is boiled, when it again becomes milky. 

(6) lime water is added, and it again becomes milky. 

(iv.) To one of the milky solutions hydrochloric Uwid is 
added ; the solution effervesces and at the same 
time becomes clear. 

180. Describe as many experiments as you can to show that 
carbon dioxide is heavier than air. 

181. What is hard water ? How may it be softened ? Also 
explain the formation of a crust on the inside of a tea kettle. 

182. The following are introduced into jars of CO, : — 

(i.) A lighted taper. 

(ii.) A piece of brilliantly burning magnesium ribbon, 
(iii.) A solution of blue litmus, which is afterwards boiled. 
Wbst Is tke result in each case ? 
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188. What ocean when earbon dioxide is patied into the 
foUowing : — 

(i.) Baryta water, 
(ii.) Solution of canatic soda, 
(iii.) Solution of caustic potash 7 
Give equations. 

184. How would yon prove the presence of carbon diozMe, and 
moisture in the breaUi ? 

185. fCalculate the weights in grams of the following volnmes of 
earbon dioxide ; — 2*5 litres, 5*5 litres, 10 litres. 

186. tWhat volumes will the following weights of carbon dioxide 
occupy :— 44 grams, 1 gram, 5*5 grams? 

187. fWhat quantity of oxygen by weight and by volume is 
required to unite with pure carbon to form 66 grams of carbon 
dioxide 7 

188. {After burning charcoal in air it was found that 42 litres of 
earbon dioxide had been formed. What volume of air was used ? 

189. '('If 12 grams of pure carbon be completely burnt in the 
oxvgen which is obtained by decomposing 122*5 grams of potassic 
chlorate, what is the weight of the product of the combustion 
formed, and what is the weight, if any, ot the oxygen remaining 7 

140. '^How many litres of carbon dioxide (carbonic anhydride) 
will be formed by the complete combustion of 12 grams of carbon, 
and how maoy litres of oxygen will be required? 

141. fYou burn 6 grams of carbon in 12 litres of oxygen. What 
volume of carbon dioxide is formed, and what volume <^ oxygen, if 
any, remains 7 

142. How much lime (CaO) is contained in 100 grams of calcium 
carbonate 7 

148. Some hydrochloric acid was added to some marble, when 
182 grams of carbon dioxide were liberated. What weights of 
both hydrochbric acid and marble took part in the reaction ? 

144. fWhat weight of marble when acted upon by an add would 
supply us with exactly one litre of carbon dioxide ? 

145. What weight of water must be decomposed in order to 
supply sufficient oxygen to form, with pure carbon, 44 grams at 
earbon dioxide 7 
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146. An excess of hydrochloric acid was added (a) to 100 grams 
of calcium carbonate, (6)\o 100 grams of sodinm carbonate. Which 
substance supplied the larger quantity of carbon dioxide ? and give 
the difference in grams. 

147. Which liberates the larger quantity of carbon dioxiae trom 
an excess of carbonate — 100 grams of sulphuric acid, or 100 grams 
of hydrochloric acid ? also give the difference in grams. 

148. Carbon dioxide is passed into a solution of calcium hydrate 
(lime water) and the precipitate formed is collected, dried, and 
weighed, It weighs 5 grams. How much carbon dioxide does it 
contain? 

149. fWhat weight of sodium carbonate is formed after passing 
22*82 litres of carbon dioxide into an excess of sodium hydrate 
solution ? 

CARBON MONOXIDE. 

150. tWhat is the molecular weight, density, specific gravity, and 
Ike weight of one litre of carbon monoxide ? 

151. Explain the appearance of blue flame on the top of an 
ordinary coal Are. 

152. Explain the following equation, and sketch and describe the 
epparatus you would use to bring about the result : — 

CO, + C = 200. 

158. *Oxalic acid is heated with sulphuric acid. How would yoa 
experimentally prove that the gases evolved are carbonic anhydnde 
(CO,) and carbonic oxide (CO) ? 

154. How would you obtain carbon monoxide from potassium 
ferrocyanide ? Sketch the apparatus and give the equation. 

155. ^Lime water is shaken up in a jar filled with carbonic oxide ; 
what occurs ? The carbonic oxide is then inflamed, and the lime 
water once more shaken up with the contents of the jar. What now 
takes place? 

156. What are the prmcipal properties of carbon monoxide ? 

157. f Calculate the weights in grams of the following volumes of 
carbon monoxide (carbonic oxide) : — 2*5 litres, 5*5 litres, 7*5 litres. 

158. fGive the volumes, in litres, which the following weights of 
carbon monoxide occupy : — 28 grams, 7 grams, 50 grams. 

159. f A certain volume of carbon dioxide weighs 896 grams, what 
is the weight of the same volume of carbon monoxide, and of the 

eame volume of hydrogen ? 
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160. What percentage of carbon by weight is contained in carbon 
monoxide, and in carbon dioxide ? 

161. fif 5*58 litres ot carbon dioxide be passed throngh a tube 
containing red hot charcoal, what volome and weight of carbon 
monoxide will be produced ? 

162. fA litre of carbon monoxide Is burnt in air. What volume and 
what weight of carbon dioxide is formed ? 

168. *How many volumes of carbon dioxide (carbonic acid gas) 
will be formed when a mixture of four volumes of carbon monoxide 
(carbonic oxide), and four volumes of oxygen is burnt ? State what 
volume of oxygen, if any, remains uncombined. 

164. If 20 grams of carbon are heated in the presence of 44 
grams of carbon dioxide, what weight of carbon monoxide is formed, 
and what weight, if any, of carbon remains ? 

165. fWhat weight of oxalic acid must be used, so that on heating 
with sulphuric acid, 11*16 litres of carbon monoxide may be 
collected ? 

166. tWhat volume and what weight of carbon dioxide, and 
carbon monoxide, can be obtained from 180 grams of oxalic acid ? 

167. fWhat weight and what volume of carbon monoxide can be 
obtained by heating 92 grams of potassium ferrocyanide with 
sulphuric acid ? 

168. How much yellow prussiate of potash must be used from 
which to obtain 1 gram of carbon monoxide ? 

MABSH GAS. 

169. fCaleulate the weights of the following volumes of marsh 
gas (CH^) : — 1 litre, 5*5 litres, 8*5 litres. 

170. fGive the volumes which the following weights of marsh gas 
occupy : — 8 grams, 1 gram, 5*5 grams. 

171. fWhat weight and what volume of oxygen will be required 

to completely bum 82 grams of marsh gas 7 

NoTi.— CH^ + 20, = 00, + 2H;0 

marsh gM. oxygen. carbon dioxide. water. 

C:2toUiO 2 vols. + 4to1«. = 2 vole. + 4to1b. 

16 + 64 = 44 + 86 

Hence 64 grams of oxygen are required to eompletely bom 16 grams of 
marsh gas. Remember also, 16 grams of oxygen ocoapy 11*16 litres. 

172. fWhat weight of carbon dioxide and water are formed by 
the combustion of 12 grams of marsh gas in oxygen or air ? 
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178. f What volmne of air is required to supply sufficient oxygen 
to burn 10*5 litres of marsh gas ? 

NoTK.— CH^ + 20, = 00, + 2H,0 



2 Tols. + 4 voIb. =: 2 vols. + 4 toIs. 



or 1 Tol, + 2 Tols. =: 1 vol. + 2 toIb. 

/ mnltiplying \ 

( throaghont ) 10*5 volfl. + 21 vols. =. 10*5 vols. + 21 vols. 

V by 10-5 / 

From the above we see the Tolnme of oxygen required to bum 10*5 litres of 
marsh gas, viz. : — 21 litres. The question now is— How many litres of air 
supply 21 litres of oxygen ? 

174. f We bum 42 litres of marsh gas (a) in oxygen, (b) in air. 
What volume of each was used ? 



NITROGEN. 

175. How would you proceed to obtain nitrogen — 

(i.) From air by the aid of phosphorus ? 

(ii.) From air by the aid of copper? 

(iii.) From ammonia ? What precaution must be taken ? 

(iv.) From ammonium nitrite ? Give equation. 

176. How is the ammonium nitrite prepared ? 

177. What are the properties of nitrogen ? 

178. What is the result of passing electric sparks through moist 
air in a closed vessel ? 

179. f Calculate the. weights of the following volumes of nitro- 
gen : — 2*5 litres, 5*5 litres, 8*5 litres. 

180. tGive the volumes which the following weights of nitrogen 
will occupy :-^l gram, 14 grams, 21 grams. 

181. f What weight of ammonium nitrite must be heated so as to 
obtain exactly 1 litre of nitrogen ? 

182. tWhat volume of nitrogen can be obtained by heating 128 
grama o/ ammonium nitrite ? 



QUESTIONS ON THE ATMOSPHERE. 99 

THE ATMOSPHERE. 

188. What is the composition of the atmosphere ? Also give, as 
nearly as yon can, the proportion by weight and by volume of its 
two most important constituents. 

184. How may the composition of the atmosphere be determined 
(i.) by weight, and (ii.) by volume ? 

185. Is the atmosphere a mixture or a compound ? Give as many 
reasons as you can for your answer. 

186. What effect is produced on the atmosphere — 

(i.) By the burning of coal fires ? 

(ii.) By the breathing of animals ? 

(iii.) By the action of plants ? 

Describe the experiments you would make in proof of your 
answers. 

187. ^Describe three experiments, the best you can think of, one 
is to prove that the air contains oxygen, another that it contains 
carbon dioxide, and the third, that it contains aqueous vapour. 

188. tWhat are the weights of the following volumes of air : — 
5 Htres, 8*5 litres, 10 Htres ? 

Non.— Air is 14*42 times as hea^y as hydrogen. 

1 litre of H =^ -0896 grams 
.*. 1 litre of air = (-0896 x 14*42) grams 

= 1*292 grams 
and 6 litres ,, = (1*292 x 6) grams 

=. 6*46 grams 

189. tWhat volumes will the following weights of air occupy :— ^ 
28*84 grams, 7*21 grams, 100 grams ? 

Note.— 1 gram of H oocapies 11*16 litres. 
.*. 14*42 grams of air occupy 11*16 litres. 

and 1 gram of air occnpies ^'^ litres. 

14*42 

.-. 28*84 grams oconpy ^^'^^ >^ J^'^ litres 

14*42 
= 22*82 litres 

190. f What volume of nitrogen should be added to 68 volumes 
of oxygen to form a mixture similar to air ? (Air contains 21 per 
cent of oxygen and 79 per cent of nitrogen by volume.) 

191. A bottle contains 16 grams of a gas which is proved to be 
oxygen. What weight of air at the same temperature and pressure 
would three such bottles contain ?^ 



100 THEORETICAL CHEMISTRY. 

192. i We have two litre flasks ; one contains equal volnmes of 
nitrogen and oxygen, the other is filled with air. Which contains 
the heavier mixture, and give the difference of weight in milligFams ? 

Note.— 1 litre of H =■ -0806 grams 

1 „ „ N = (-0896 X 14) grams 

1 M _ -0896 X 14 ^^„ 
i II ,. « =■ 2 — grams 

1 n — '0896 X 16 ^^^. 
3 II II t) = — — grams 

1 „ „ air = (14*42 x •0896) grams 

198. Air contains 28 per cent of its weight of oxygen. How 

many grams of carbon are required to unite with all the oxygen 

in 100 grams of air, with the formation of carbon dioxide ? 

Note. — First write the equation. 

+ O. = CO, 
12 + 32 = 44 

By the qnestion every 100 grams of air contain 23 grams of oxygen ; we 
therefore require to know bow many grams of carbon unite with the 23 grams of 
oxygen to form carbon dioxide. 

By the equation, we see that 12 grams of carbon unite with 32 grams of 
oxygen, hence 

oxygen oxygen carbon 

32 : 23 :: 12 : a; 

194. How many grams of phosphorus are required to unite with 
all the oxygen in 100 grams of air, with the formation of phosphorus 
pentoxide ? 

195. Some sulphur is burnt in 100 grams of air. What weight 
of sulphur dioxide is formed ? 

NoTH.— S + 0, =■ SO,. 
32 + 82 = 64 
By the equation, 64 grams of sulphur dioxide are formed from 82 grams of 
oxygen. 

196. What weight of hydrogen is required to unite with all the 
oxygen in 100 grams of air, to form water ? 

197. f What volume of hydrogen is required to unite with all the 
oxygen in 100 litres of air, so as to form water ? 

198. tAfter passing air in excess over red-hot charcoal it was 
found that 21 litres of CO, were formed. What volume of air has 
been deprived of its oxygen ? 

199. If 100 grams of air are passed slowly over red-hot copper, 
what weight of copper oxide will be formed ? and what weight of 
nitrogen may be collected ? 

£00. How many Icilograms of air are Te(^T)iT^^\Ai\nm^\ii3A with 
J 00 Julograms of oxygen ? 
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AMMONIA. 

201. What are the molecular and graphic formnlsafor ammonia ? 
Also give its molecular weight, density, specific gravity, and the 
weight of one litre of ammonia. 

202. How would you prepare and collect ammonia ? Sketch the 
apparatus you would use, and give the equation. 

208. Describe and explain the results in the following experi- 
ments. You have given to you four jars of ammonia ; the first 
is placed with its mouth under water coloured with red litmus 
solution ; the second is placed over mercury, and a piece of 
charcoal inserted ; in the third a lighted taper is immersed ; the 
fourth is placed mouth to mouth with a jar of hydrochloric acid. 

204. Sketch the apparatus used, and explain the result in the 
following cases : — 

(i.) Ammonia gas is passed through a red hot iron tube, 
and a light is applied at the end of the tube. 

(ii.) Ammonia and oxygen are passed together through a 
glass tube, and a light is applied at the end of 
the tube. 

(iii.) Well dried ammonia gas is passed over heated 
potassium. 

205. Explain the difference between ammonia and ammonium. 

206. You have two beakers, each containing a solution of 
ammonia. Into one carbon dioxide is passed for some time ; into 
the other sulphuretted hydrogen is passed. What is the result in 
each case, and give equations ? 

207. Ammonia forms salts with acids. Give equations showing 
how the chloride, nitrate, and sulphate of ammonium are formed. 

208. What is the action of heat on the chloride, nitrate, and 
phosphate of ammonia ? 

209. fCalculate the weights of the following volumes of am« 
monia: — 1*5 litre, 5*5 litres, 10 litres. 

210. jGive the volumes which the following weights of ammonia 
will occupy : — 4*25 grams, 17 grams, 25 grams. 

211. f A certain volume of air weighs 28*84 grama^ ^Isa^Yik^'^ 
weight of the same volume of ammom^'i 

212. What is the percentage com^oAVioutllWiWX^^^ 

i 
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218. fWhat Yolume of nitrogen and hydrogen can be obtained by 
passing electric sparks through 1 litre of dry ammonia gas ? and 
what Yolome of oxygen will be required to unite with all the 
hydrogen thus obtained, to form water ? 

214. fTwenty-eight c.c. of ammonia gas are decomposed by 
electric sparks, and one hundred c.c. of air are then added to the 
mixture. Electric sparks are again passed. What is the residue 
composed of, and how many c.c. of the gas, or gases, remain ? 

215. t What yolume of ammonia may be obtained by heating 214 
grams of ammonium chloride with lime ? 

216. f What weight of ammonium chloride shall we require from 
which to obtain 1 litre of ammonia ? 

217. We pass 68 grams of ammonia through a red hot tube, and 
bum the gas at the end. Name and give the weights of the products. 

218. What weight of ammonia will neutralize 146 grams of 
hydrochloric acid ? 

219. tWhat yolume of ammonia neutralizes 98 grams of sulphuric 
acid ; and what is the weight of the product formed ? 

220. Which requu*es the larger amount of ammonia in order to 
neutralize it, 100 grams of hydrochloric acid, or 100 grams of 
nitric acid ? and giye the difference in grams. 

NITRIC ACID. 

221. What is the molecular weight, specific grayity, and the 
weight of one litre of nitric acid yapour ? 

222. Describe in detail the preparation of nitric acid* Sketch 
the apparatus, and giye the equation. 

228. What are the properties of nitric acid ? 

224. What is the result of adding nitric acid — 

(i.) To a solution of caustic soda ? 
(ii.) To a solution of sodium carbonate ? 
Giye equations. 

225. What is ** aqua regia ? ** Describe fully its action on gold. 

226. Nitric acid and nitrates are powerful oxidising agents. 
Describe any experiments you know in proof of this. 

227. Describe carefully how you would test for the presence of 
nitric acid, or nitrates. 

228. ^Calculate the weights of the following yolumes of nitrio 
aoj'd vapour: — 2'B litres, 5*5 litres, 10 litter. 
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229. f Give the volames which the following weights of nitrio dcid 
vapour occupy : — 81'6 grams, 68 grams, 1 gram. 

280. What weight of nitric acid can be obtained by heating 25^ 
pounds of saltpetre with sulphuric acid ? 

281. What weight of sulphuric acid must be added to nitre, so 
that on heating in a glass vessel, 15*75 grams of nitric acid may be 
obtained ? 

282. What weight of potassium is contained in 100 grams of 
acid potassium sulphate ? 

288. Thirty-one and a half grams of nitric acid are neutralised 
with caustic soda. How much caustic soda was required ? Give 
the name and weight of the product. 

NITROGEN MONOXIDE OB NITROUS OXIDE. 

284. f Give the molecular weight, specific gravity, and thd weight 
of one litre of nitrogen monoxide. 

285. What changes take place when zinc dissolves in dilute 
nitric acid ? Draw the apparatus you would use for this experi- 
ment, and give the equation. 

286. Carbonate of ammonia, and nitrio acid are given to you. 
How would you prepare nitrous oxide from them 7 Sketch the 
apparatus you would use, and give equations. 

287. Write two equations comparing the results of heating 
ammonium nitrite and ammonium nitrate. 

288. Describe and explain the results which take place on 
introducing the following substances into jars of nitrous oxide 
gas :— 

(i.) A glowing chip. 

(ii.) A piece of sulphur burning feebly, 
(iii.) A piece of sulphur heated strongly. 
(iv.) A piece of ignited phosphorus. 

289. Why is nitrous oxide called '' laughing gas ** ? 

240. fFind the weights of the following volumes of nitrous oxide: — 
2*5 litres, 7*5 litres, 10 litres. 

241. jGive the volumes which the following weights of nitrous 
oxide occupy : — 22 grams, 88 grams, 1 gram. 

242. A certain volume of air weighs 1 gram. What is the 
weight of the same volume of nitrous oxide at the same temperature 
and pressure ? 
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248. tHow many litres of nitrogen are contained in 7 litres of 
nikous oxide ? 

244* tif 10 litres of nitrons oxide gas be decomposed into its 
constituent elements, what alteration of volnme will take place ? 

245. i What weight of oxygen is contained in 5 litres of nitrogen 
monoxide ? 

246. If three grams of carbon are burnt in an excess of nitrons 
oxide, what weight of carbon dioxide is formed, and what weight of 
nitrons oxide is decomposed ? 

247. tIf 4 grams of snlphnr are burnt in an excess of nitrous 
oxide, what weight of sulphur dioxide is formed, and what volume 
of free nitrogen remains ? 

248. tWhat weight of carbon is required to unite with all the 
oxygen in 11*16 litres of nitrous oxide ? 

249. What weight of nitrous oxide is required to supply 62 
grams of phosphorus with sufficient oxygen to form phosphorus 
pentoxide 7 

250. tIf 11*16 litres of nitrous oxide be mixed with excess of 
hydrogen, and an electric spark be passed through, what volumo 
of hydrogen takes part in the explosion, and what weight of water 
is formed 7 

251. tWhat weight of water will supply sufficient hydrogen to 
unite witii all the oxygen in 5*58 litres of nitrous oxide 7 

252. tWhat weight and what volnme of nitrogen remains after 
exploding 11*16 litres of nitrous oxide with excess of hydrogen 7 

258. What weight of nitrous oxide may be obtained by heatbg 
10 grams of ammonium nitrate 7 

254. tWhat weight of ammonium nitrate must be decomposed by 
heat, so as to produce exactly 1 litre of nitrous oxide 7 

255. f If 65 grams of zinc are heated with an excess of dilute 
nitric acid, what weight and what volume of nitrous oxide should 
be produced 7 

256. What weight of zinc is required to act on dilute nitric acid, 
80 as to produce 88*48 litres of nitrous oxide 7 

257. How many grams of nitric acid are acted upon by zinc 
frAea 2 grams ot nitrous oxide gas are liberated 7 
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NITROGEN DIOXIDE OB NITBIC OXIDE. 

258. t What is the molecular weight, density, specific gravity, and 
the weight of one like of nitric oxide ? 

259. How may nitric oxide he prepared ? Sketch and describe 
the apparatus and give the equation. 

260. Nitric oxide is colourless ; but in the generating flask the 
gas which comes off first is of a dense red colour. Explain the 
cause of this colour. 

261. You have four jars of nitric oxide, into which are introduced 
the following : — 

(i.) A lighted taper. 

(ii.) A piece of brightly burning sulphur. 

(iii.) A piece of feebly burning phosphorus. 

(iv.) A piece of phosphorus more strongly heated. 

Compare the results ot these experiments with a similar 
treatment of nitrous oxide. 

262. A jar of nitric oxide is inverted in a small pneumatic trough 
containing water coloured with blue litmus. A few bubbles of 
oxygen, or air, are now introduced into the jar. Describe fully the 
result. 

268. The above experiment (Ques. 262) suggests a method of 
distinguishing between oxygen and nitrogen monoxide. Describe 
how you would apply this test. 

264. f Calculate the weights of the following volumes of nitric 
oxide :— 11-16 litres, 2*79 litres, 1 litre. 

265. jGive the volumes of the following weights of nitric oxide : — 
80 grams, 7*5 grams, 100 grams. 

266. tA certain volume of air weighs 28*84 grams. What is the 
weight of the same volume of nitric oxide ? 

267. What percentage of oxygen by weight is contained in nitric 
oxide ? 

268. What weight of phosphorus, when strongly ignited, will 
unite with all the oxygen in 150 grams of nitric oxide to form 
phosphorus pentoxide ? 

269. f After burning phosphorus in nitric oxide, 14*2 grams of 
phosphorus pentoxide are formed. What weight of nitric oxide was 
decomposed, and what volume of nitrogen remained? 
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270. tWhat volume of nitric oxide is required in order to supply 
sufficient oxygen to completely burn 62 grams of phosphorus ? 

271. tWbat \7eight of nitric acid should be added to copper in 
order to obtain 11*16 litres of nitric oxide? 

272. fif 22*82 litres of nitric oxide be obtained by addition of 
nitric acid to copper, what was the weight of the copper used, and 
of the copper nitrate formed ? 

278. What weight of nitric oxide may be obtained by adding an 
excess of nitric acid to one gram of copper ? 

SULPHUR. 

274. Give the molecular weight of sulphur, also the weight of 
one litre of sulphur vapour, at 1000® C, compared with hydrogen 
at the same temperature. 

275. Name the allotropic forms of sulphur. 

276. Describe fully how you would prepare the different varieties 
of sulphur. 

277. ^Describe the changes produced in brimstone by the con- 
tinued application of heat. 

278. Sulphur is dimorphous, We have also amorphous sulphur. 
Explain the meaning of these terms as applied to sulphur. 

279. Draw up a table showing the analogy, or likeness, between 
oxygen compounds and sulphur compounds. 

280. *If I burn a piece of sulphur in a bottle filled with air, and 
another piece in a bottle filled with oxygen, what shall I find in 
each of the bottles after the combustion is finished ? Give equations. 

SULPHURETTED HYDROGEN. 

281. tWhat is the molecular weight, density, and the weight of 
one litre of sulphuretted hydrogen ? 

282. How is sulphuretted hydrogen commonly prepared ? Sketch 
and describe the apparatus, and give an equation. 

288. How may sulphuretted hydrogen be obtained fi-om antimony 
trisulphide ? Give the equation. 

284. Hydrogen sulphide bums at a jet. What are the produois 
ofeombastion, and how would you prove your answer ? 
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285. The followiDg experiments are performed with three jars of 
hydrogen sulphide : — A lighted taper is placed in the first ; a solu- 
tion of litmus in the second ; the third is placed month to mouth 
with a jar of chlorine. Descrihe fully the result in each case. 

286. '^'Describe what you consider the best experimental proof 
that sulphur is a constituent of sulphuretted hydrogen. 

287* You have a solution of lead acetate and a piece of filter 
paper ; how would you proceed with these to discover the presence 
of hydrogen sulphide ? 

288. A solution of H,S is decomposed on standing for some 
time. Explain the reason and give an equation. 

289. You have given to you separate solutions of the following, 
each of which, except the lead, has been made acid with HGl ; 
copper sulphate, lead nitrate, arsenious acid, antimony chloride, 
zinc sulphate, ferrous sulphate, and magnesium sulphate. 

(i.) Say what will be the result (of passing H^S through 
these solutions, and give equations showing how Qxe 
precipitated sulphides are obtained. 

The following are the required equations : — 

Cu SO4 + HjS = Cu S + HjSO^ 
Pb (NOa), + H,S = Pb S + 2HN08 
AsjOg + SHaS = ASjS, + 8HjO 
28b Cls + SHjS =: SbjSs + 6H01 

(ii.) How shall we proceed to obtain a further precipitation 
of sulphides in those solutions which remain clear 
in (i.) ? Give equations. 

Zn SO4 + 2NH4HO + HaS = ZnS + (NH^), SO, + 2HaO 
Fe SO4 + 2NH4HO + H,S = FeS + (NHJ, SO4 + 2HaO 

NoTi. — The NH.HO naatralises the acid p'esent in the solntioni ; 
•Iso that fbrmed hj the action of H,S on FeSO^. Acids decompose FeS, and 
so prerent its precipitation. 

(iii.) Show how, by the aid of H^S and an acid and alkali, 
we may separate solutions of the metals— copper, 
lead, arsenic, antimony, zinc, iron, and magnesium 
into three groups. 

290. tCalculate the weights of the following volumes of sul- 
phuretted hydrogen : — 2*5 litres, 6*6 litteu^ 1^ \\\x^%« 



108 THEORETICAL CHEMISTRY. 

291. jGiye the volumes ^hich the following weights of sul- 
phuretted hydrogen occupy : — 84 grams, 8*5 grams, 1 gram. 

292. tA certain volume of sulphuretted hydrogen weighs 51 
grams. What is the weight of the same volume of air at the same 
temperature and pressure ? 

298. f What weight and what volume of hydrogen are contained 
in 102 grams of sulphuretted hydrogen ? 

294. What is the percentage composition, by vireight, of fexrons 
sulphide ? 

295. tWhat weight and what volume of sulphuretted hydrogen 
are obtained by the addition of sulphuric acid to 22 grams of ferrous 
sulphide ? 

296. t What weight of ferrous sulphide, on addition of an exeess 
of sulphuric acid, will liberate 2*79 litres of sulphuretted hydrogen ? 

297. tif 66*96 litres of sulphuretted hydrogen were obtained 
from ferrous sulphide and sulphuric acid, what weight of sulphuric 
acid was used ? 

298. fWhat weight of hydrochloric acid should be added to 
ferrous sulphide in order to liberate 5*58 litres of sulphuretted 
hydrogen ? 

299. f What volume of oxygen is required for the complete com- 
bustion of 11*16 litres of sulphuretted hydrogen ? 

800. On burning sulphuretted hydrogen in air 2*2^ grams of 
water were formed. What weight of H^S was burnt 7 

801. fWhat weight of sulphur dioxide and water are formed, after 
the complete combustion of 5*58 litres of sulphuretted hydrogen in 
oxygen ? 

802. Sulphuretted hydrogen gas is passed into a solution of 
copper sulphate till all the copper is precipitated as sulphide. The 
weight of copper sulphate present was 6*88 grams. What is the 
weight of the precipitated sulphide ? 

808. What weight of zinc chloride should be dissolved in water, 
so that on passing an excess of sulphuretted hydrogen through the 
solution 19*4 grams of zinc sulphide may be obtained ? 

804. All the lead in 65 grams of lead acetate was precipitated as 
sulphide. What weight of sulphuretted hydrogen took part in the 
reaction ? 

805. What weight of chlorine is required to decompose 8*5 grams 
of sulphuretted hydrogen ? Also give the names and weights of tho 

prodaets. 
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SULPHUR DIOXIDE AND SULPHUROUS AOID. 

806. What is the molecular weight, density, specific gravity, and 
the weight of one litre of sulphur dioxide ? 

807. How may sulphur dioxide he ohtained from sulphuric acid ? 
Give the equation, and sketch the apparatus used. 

808. What is the action of sulphuric acid on charcoal ? (Hve 
the equation, and say how the gaseous products may be separated. 

809. How may sulphur dioxide be obtained in the liquid form ? 
Sketch the apparatus you would use. 

810. What properties of sulphur dioxide could you show with 
the following apparatus: — Three jars of SO, ; a taper ; a trough of 
water ; a solution of litmus ; a jar of H,S ? 

811. Sulphur dioxide is passed into distilled water. Is the 
result a mixture, or a compound ; also, what is the action on the 
solution (i.) of heat, (ii.) of long exposure to the air ? 

812. Write as many equations as you can illustrating the 
reducing action of sulphur dioxide. ^ 

818. Explain the bleaching action of sulphur dioxide, and show 
in what way its action differs &om that of chlorine. 

814. Sulphur dioxide is employed in the arts as an ** antichlor.** 
Explain this use of the gas, and give an equation. 

815. Complete the following equations, giving the name to each 
formula : — 

SO, + KHO = 

SO, + 2KH0 = 

H,803 + NaHO = 

H,SO, + 2NaH0 = 

PbO, + SO, = 

816. tCalculate the weights of the following volumes of sulphur 
dioxide : — 11*16 litres, 1 litre, 5*58 litres. 

817. f Give the volumes occupied by the following weights of 
sulphur dioxide: — 15 gram, 8 grams, 10*5 grams. 

818. fA certain volume of sulphur dioxide gas weighs 16 grams. 
What is the weight of the same volume of air, and of carbon dioxide, 
at the same temperature and pressure ? 

819. fOne gram of sulphur is burnt in an excess of oxygen. What 
weight of oxygen unites with the sulphur, and what volnme of 
sulphur dioxide is formed 2 
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820. f What weight of copper tomingg mast be heated with strong 
sulphuric acid, so as to obtain 5*58 litres of sulphur dioxide ? 

821. How much sulphuric acid must be heated with copper so as 
to produce 8 grams of sulphur dioxide ? 

822. What weight of sulphur dioxide can be obtained by heating 
an excess of strong sulphuric acid with 2*54 grams of copper ? 

828. If 20 grams of mercury be heated with an excess of strong 
sulphuric acid, what weight of sulphur dioxide and of mercuric 
sulphate will be produced ? 

824. f Six grams of charcoal are heated with an excess of sulphuric 
acid. What are the weights and volumes of the gaseous products ? 

825. tWhat weight of water is required to unite with 1*116 litres 
of sulphur dioxide to form sulphurous acid? 

826. f If 88*48 litres of sulphur dioxide be absorbed by distilled 
water, what weight of sulphurous acid is formed ? 

827. tForty-one grams of sulphurous acid, after long exposure to 
the air, are completely converted into sulphuric acid. What volume 
of oxygen has been absorbed from the air? 

828. f How much sodium sulphite is formed if 11.16 litres of 
sulphur dioxide are absorbed in an excess of sodium hydrate 
solution ? 

829. What weight of sulphur dioxide is liberated when an excess 
of sulphuric acid is added to 7*9 grams of potassium sulphite ? 

880. f An excess of sulphuric acid was added to sodium sulphite 
when 5*58 litres of sulphur dioxide were liberated. What weight 
of sodium sulphite was converted into sodium sulphate ? 

881. An excess of barium chloride is added to 16*4 grams of 
sulphurous acid. What weight of barium sulphite is formed ? 

882. tWe pass 11*16 litres of chlorine into an excess of sodium 
sulphite ; give the names and weights of the resulting products. 

SULPHUR TRIOXIDE AND SULPHURIC AOID. 

888. Give the molecular weight, density, and the weight of one 
litre of sulphur trioxide vapour. 

884. Describe fully how you would convert sulphur dioxide into 
sulphur trioxide. 

885. Sulphur trioxide is (i.) placed on dry litmus paper, (ii.) 
subjected to a strong heat, (iii) dropped into water. What is the 

resuli in each case ? 
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886. Solphnrous aeid is oxidised^by the addition of nitric acid or 
hydrogen dioxide. Explain these reactions by equations. 

887. The following gases are introduced by four different tubes 
into a large flask : — Sulphur dioxide, nitrogen dioxids, oxygen, and 
steam. You are required to explain the result and to illustrate 
the changes by equations. 

888. What is the composition of the ''leaden chamber crystals" ? 
Show by an equation the action of water upon them. 

889. Give the formula for Nordhausen sulphuric acid, and the 
method of preparing it, also show by an equation the action of heat 
upon it» 

840. Describe any experiment you know showing the affinity 
which sulphuric acid has for water. 

841. How would you detect the presence of sulphuric acid, or a 
soluble sulphate ? 

842. *To one test tube containing water, SO, has been added, to 
another, SO, has been added. How would you determine which 
was which ? 

848. Give equations showing the action of — 

(i.) Dilute sulphuric acid on zinc. 

(ii.) Strong sulphuric acid on copper. 

(iii.) Sulphuric acid on sodium chloride. 

(iv.) Sulphuric acid on potassium nitrate. 

844. tWhat volume of oxygen is required to unite with 5*58 litres 
of sulphur dioxide to form sulphur trioxide, and what weight of the 
trioxide will be produced ? 

845. What is the percentage composition of sulphur trioxide ? 

846. What weight of sulphur trioxide may be obtained by 
the action of heat on 44*5 grams of Nordhausen sulphuric 
acid? 

847. One gram of sulphuric trioxide was added to water. What 
weight of sulphuric acid was formed ? 

848. What weight of sulphuric acid may be obtained by 
oxidising 16 grams of sulphur dioxide in the presence of 
water ? 

849. How much sulphur will be required to produce 490 
kilograms of sulphuric acid ? 
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850. What quantity of snlphuric acid should be obtained from 
100 pounds of solphar ? 

851. How many tons of salphnric acid should be obtained from 
200 tons of iron pyrites containing ^8 per cent, of sulphur ? 

852. If 196 tons of sulphuric acid be obtained from 200 tons 
of iron pyrites, what percentage of sulphur did the pyrites contain ? 

858. An excess of barium chloride is added to 19*6 grams of 
sulphuric acid. What weight of barium sulphate is formed ? 

854. Some sulphuric acid was added in excess to a solution of 
barium chloride. The precipitate was collected on a filter, washed, 
dried, and weighed. It weighed 2*88 grams. What were the 
weights of the sulphuric acid and barium chloride used ? 

855. Give the weights of caustic soda, and caustic potash, which 
are necessary to neutralize 4*9 grams of sulphuric acid. 

856. iOtive the weight and volume of the gaseous product formed 
when 24*5 grams of sulphuric acid are added to an excess of sodium 
carbonate solution. 



MISCELLANEOUS. 

857. Explain fully the meaning of the following :— 

H,S + 01, = 2H01 + S. 

Explanation. The following equation signifies that if sul- 
phuretted hydrogen and chlorine be mixed together, the sulphuretted 
hydrogen is decomposed by the chlorine, hydrochloric acid being 
formed and sulphur deposited. It also Ulustrates the change by 
volume and weight, thus : — 





H.S 


+ 

+ 
+ 
+ 


01. 


=s 


2H01 


+ 

+ 
+ 
+ 


8 


Name 

Volume 

Weight 


Snlphoretted 
hydrogen 

1 molecule 
(lx2)+32 


Chlorine 

1 molecule 

35-5x2 


Hydrochloric add 
2 molecules 
2(1+35-5) 
73 


Sulphur 
1 atom 
82 


1 


Sii i 


71 





MISCELLANEOUS QUESTIONS. 113 

858. Explain the following equations in the manner shown 
on precediug page : — 



(«) 


Zn + 


2EH0 


= K.ZnO, + 


H. 




(b) 


2MnO, + 


2H,80^ 


= 2MnS0^ + 


2H,0 


+ 0. 


ic) 


NaCl + 


H.SO, 


= NaHSO^ + 


HOI 




id) 


8Ca + 


8HN0, 


= 8Cu2N0, + 


2N0 


+4H.0 


{") 


IZn + 


lOHNO, 


=4Zn(N0.).+ 


N,0 


+6H,0 


if) 


2NH^C1 + 


CaO 


s CaOl, + 


2NH, 


+ H,0 


(?) 


MnO, + 


4HC1 


= MnCl, + 


01. 


+2H,0 


(A) 


KNO, + 


H.SO, 


== KHSO^ + 


HNO, 





859. Compare hy equations the action (i.) of sulphuric acid, 
(ii.) of hydrochloric acid, on manganese dioxide. 

860. *Into separate test glasses containing dilute hydrochloric 
acid I put the following snhstances : — Zinc, chalk, marhle, common 
salt, charcoal, iron and gold. Mention the chemical changes whic'ii 
take place, and give equations. 

Note. — Common salt, charcoal, aad gold are not acted on by HOI. 

861. Compare by equations the action (i.) of sulphuric acid, (ii.) 
of nitric acid, on copper. 

862. *I add sulphuric acid to a white salt and effervescence 
occurs. What may this be caused by, and what tests must I apply 
to ascertain the nature of the gas which is evolved ? 

868. Compare by equations the action of sulphuric acid (i.) on 
common salt, (ii.) on saltpetre. 

864. *Draw the graphic formnlsB of the following compounds : — 
Ammonia, water, sulphuretted hydrogen. Give the active atomicity 
of each element in the following compounds: — CH^, SO, Ho,, 
PF^, CrPg, and SO,. 

865. Compare by equations the action of dilute sulphuric acid (i.) 
on iron, (ii.) on ferrous sulphide. 

866. What is the action of water upon each of the following 
substances : — ^Hydrogen, carbonic anhydride, anmionia, sodic 
carbonate, chalk, and sodium ? 

867. *In what way would you remove a small amount of moisture 

from the following gases : — Air, ammonia, and carbon dioxide ? 

Note. — Gases are mostly dried by passing them throagh a tnbe containing 
email pieces of well dried calciam chloride, or through a tnbe coDtainin<9[ email 
pieces of pnmice stone, which haye been soaked in snlphnrio acid. Either of 
these methods wonld dry air, or carbon dioxide, bat ammonia is absorbed largely 
by ealdnm chloride, and with snlphnric acid it nnites with Tiolence^ fotminf^ 
ammonium salphate. Freshly burnt Ituq^^a oil >m<^ vt^ \)«<i^ ^^^ ^3rti&% 
ammonia. 
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868. Find the peroentage composition of the following sub- 
stances : — 

(a) Potassium nitrate. 

{h) Barium sulphate. 

(c) Ammonium sulphate. 

(d) Copper nitrate. 

869. How would you distinguish between potassium chlorate and 
potassium chloride ? 

870. Define the terms << acid,*' *< base," and *' salt,*' and say 
how you would illustrate the properties of each. 

871. Explain the difference between the terms ** acid salt *' and 
** neutral salt.'* 

872. What are monobasic, dibasic, and tribasic acids ? Give 
examples. 

878. Substances combine chemically in definite and multiple 
proportions. What do you understand by this statement ? 

874. '''Explain what is understood by Dal ton's Atomic Theory. 

875. By what properties is a metal distinguished firom a non 
metal? 

876. *An excess of chlorine is passed through boiling milk of 
lime, and then potassic chloride added to the filtered liquid. Give 
the name and formula of the salt which crystallizes out. 

877. ^Describe accurately and fuUj the changes, if any, which 
occur when the following bodies are heated in a test tube over a gas 
flame : — (a) ammonium chloride (sal ammoniac), (6) sulphur, (e) 
graphite, (d) ammonia solution. 

878. *How would you prepare the following gases CO, ; NH, ; 
HCl ; in a dry pure state ? Give the equations. Also, how would 
you fill a smdl bottle with each? 

&79. *Name the chief properties of nitric acid. Point out in 
what respects nitric and sulphuric acids have similar properties, 
and, on the other hand, what differences there are which enable 
/on readily to distinguish the one acid from the other. 
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. 880. estate why carbon is termed a tetrad element and oxygen a 
dyad element. 

881. *Toa are required to prepare carbon monoxide and carbon 
dioxide from charcoal and air. Sketch the apparatus yon would 
use, and explain how it would differ in the two cases. By what 
tests would you distinguish these two gases ? 

882. Arrange the following gases in two columns, showing which 
are heavier and which lighter than air: — Oxygen, nitrogen, 
hydrogen, ammonia, steam, nitrous oxide, and carbon monoxide. 

888. Give equations showing the reactions of — 

(a) Common salt and sulphuric acid. 
(6) Copper and nitric acid. 

(c) Ammonium chloride and lime. 

(d) Potassium ferrocyanide and hot sulphuric acid. 

(e) Copper and sulphuric acid. 

(/) Manganese dioxide and hydrochloric acid. 

(g) Manganese dioxide and sulphuric acid. 

(h) Chalk and hydrochloric acid. 

(i) Oxalic acid and sulphuric acid. 

{j) Ferrous sulphide and hydrochloric acid. 

884. Solutions of potassium chloride and potassium chlorate 
«re contained in two separate test tubes : how would you distinguish 
between them ? 

|K 885. Under what conditions, if any, do the following metals act 
on water : — sodium, iron, copper ? 

886. What is nascent hydrogen, and what is its action on ferric 
chloride solution ? 

887. Give a reason for supposing that ammonia solution 
4^ntain8 ammonium hydroxide* 

888. What is the result of passing dry ammonia gas over red 
hot copper oxide ; also of passing air and ammonia gas together 
over red hot copper oxide ? 

889. How would you prove that carbon is present in the gas 
which is given off on the addition of HCl to washing soda (carbonate 
of Bpda) ? 
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890. Compare the heating powers of a jet of hydrogen burning 
in air and oxygen. Explain the reason for the difference. 

'* The temperature of a hydrogen tlame hnmiDg in air has been 
estimated at about 2080^0, bat when the flame is fed with pnre oxygen ita 
temperature rices to upwards uf 4000^0. This is easily explained by the 
fact that in atmospheric air the oxygen is mixed with four times its bulk of 
nitrogen, which contributes nothing to the chemical action, and which, 
being raised to the same temperature as the other f^ases present, consumea 
a great deal of heat." — Tilden's Chemical Philosophy, p, 100. 

891. Explain what is meant by heat of combustion, and define the 
term " heat unit.*' 

*' It has been shown by numerous experiments that when the same 
weight of the same substance burns to form Uie same products of com- 
bustion, a constant amount of heat is iuTariably eToWed whether the 
combustion takes place slowly or quickly." — Rotcoe and Schorlemmer'B 
Treatise on Chemistry, vol, 1, p. 189. 

This constant amonnt of heat is termed the '* heat of combustion.'* 

Thus, when 1 part by weight of hydrogen combiues with 8 parts by 
weight of oxygen to form 9 parts by weight of water, 

H, +0 = H.O 
2 + 16 = 18 
or 1 +8=9 

the quantity of heat which is liberated is sufficient to raise 84,462 parts by 
weight of water from 0<> to 1<> C, no matter how slowly or quickly thfr 
combustion proceeds. 

Hence, 84,462 heat units is said to be the calorific power of hydrogen,, 
and this power for different substances is measured by the amount of water 
which can be raised from 0° to 1° C by the combustion of a unit weight 
of the substance. 

Calorific power of Hydrogen burnt in oxygen = 34,462. 
Do. do. Carbon do. do. = 8,080. 

Do. do. Carbon monoxide do. = 2,403. 

Definition of ** heat unit.** — A '* heat unit " is the amount of heat 
required to raise a nnit weight of water from 0° to 1° C. 

892. What weight of water would be heated from 0° to 1°C by 
the combustion of 10 grams of hydrogen in oxygen ? 

893. What weight of water would be heated from 0° to 10°C by 
the combustion of 1 gram of hydrogen in oxygen ? 

894. How many grams of hydrogen would be required tp burn 
Jn oxygen so as to raise 17,281 grams of water from 0° to 6^0 ? 
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895. What weight of water would he raised from 0^ to 2^C by 
the comhnstioD of 10 grams of carhon in oxygen ? 

1 gram of carbon bamt in will raise 8080 grama of water from 0<* iol°C. 

1 gram of carbon burnt in O will raise 4040 grams of water trom O*' to 2''C. 

10 grams of carbon burnt in will raise 40400 grams of water frDm 0° to 2<>0. 

896. Calcalate the weight of water raised from 0^ to 8^C by 
the combustion of 10 grams of carbon monoxide in oxygen. 



Find the empirical formula of the following substances from 
their percentage composition : — 



897. Hydrogen 
Oxygen - 



898. Manganese 
Oxygen - 



899. Calcium 
Carbon - 
Oxygen - 



400. Sodium - 
Chlorine 



401. Iron - 
Sulphur 



. 5-88 
. 9412 

100-00 



7206 
. 27-95 

100-00 



40-00 
12-00 
48-00 

100-00 



- 89-82 
. 60-68 

10000 



46-67 
58 88 

100-00 



402. Copper - 
Sulphur 
Oxygen - 
Water - 



408. Potassium 
Nitrogen 
Oxygen - 



404. Hydrogen 
Sulphur 
Oxygen - 



405. Phosphorus- 
Sodium 
Oxygen - - 



25*45 

- 12-82 

25-66 

86-07 

100-00 



. 88-61 
. 18-86 
■ 47-58 

100-00 



. 204 

82-65 

■ 66-81 

100-00 



18-90 
42-07 
89-08 

100-00 



118 



THEORETICAL CHEMISTRY. 



-A.i>i>BisrDis:. 



HETBIC SYSTEM OF WEIGHTS AHD MEASURES. 

HEASUBES OF LENQTH. 



Kilometre 


= 


1000 metres 


= 


89370 


inch 


Hectometre 


=3 


100 metres 


=: 


3937*0 


f» 


Decametre 


=s 


10 metres 


= 


393-70 


fr 


Metre 


= 






39*370 


>r 


Decimetre 


s 


^ metre 


= 


3-9370 


»r 


Centimetre 


= 


yJi, metre 


=: 


•39370 


»r 


Millimetre 


= 


tAu metre 


=: 


•039370 


w 



NoTB. — The abbreviation o.c. = onbic oentimetre. 



MEASURES OF CAPAOITY OB VOLUME. 



KiloUtre 


= 


1000 Utres 


= 


1760-7 


pini 


Hectolitre 


= 


100 Utres 


=: 


176-07 • 


f» 


Decalitre 


s 


10 Utres 


=: 


17-607 


tt 


Litre 


= 






17607 


It 


Decilitre 


= 


A Utre 


=: 


017607 


tf 


CentiUtre 


=s 


■riff Utre 


= 


0017607 


fr 


Millilitre 


= 


t;^^ litre 


= 


0-0017607 


»r 




NoTB.— 1 litre = 1 cnbic decimetre. 








1 millilitre = 1 c.c. (onbic oentimetre). 






MEASURES OF WEIGHT. 




Kilogram 


:= 


1000 grams 


=: 


15432-3 


grail 


Hectogram 


= 


100 grams 


=s 


1543-23 


ft 


Decagram 


= 


10 grams 


=s 


154-323 


ft 


Oram 


= 






15*4323 


ft 


Decigram 


= 


t\j gram 


= 


1-54323 


fr 


Centigram 


ss 


tJt, gram 


= 


0-154323 


fr 


Milligram 


= 


Tifco gJ^ani 


== 


0-0154823 


fr 



Ifozs.— An ounce aToixduvola eq^iala 28'86 grams. 
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ANS"WEB,S. 



24. '1844 gramty *896 grams, *4928 grams. 

25. 11-16 Uires, 5*58 litres, 2*79 litres, 27*9 litres, 111*6 litres. 

26. 90 grams of water. 

27. 28 grams of sodium. 

^8. 224 grams of oanstio potash. 
29. 4 grams of hydrogen. 

80. 6 grams of hydrogen ; 408 grams of zinc chloride. 

81. 89-28 litres of hydrogen. 

82. 5*82 grams of adnc 

88. 267*84 litres of hydrogen. 

84. 696 grams of magnetic oxide of iron. 

85. 56 grams of eanstio potash. 

41. 2*15 grams, 14*88 grams, 7*88 grams. 

42. -6975 Utres, 11-16 Utres, 16-74 Utres, 69-75 litres. 
48. 600 grams of mercury. 

44. 96 Krams of oxygen. 

46. 867*5 grams of potassium chlorate. 

46. 192 grams of oxygen. 

47. 12*416 grams of potassium chloride. 

48. 122*5 grams of potassium chlorate* 

49. 188*92 litres of oxygen. 

50. 86 grams of water. 

51. 112 grams of oxygen. 
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52, 64 grams of ozygeD. 

68. (i.) 7-407 ; (ii.) 88-88 ; (iu.^ 65-805. 

64. 897*5 grams of copper oxide. 

74. 124 litres of H ; 62 litres of 0. 

76. 18 grams of hydrogen. 

76. 568 litres of oxygen. ' 

77. 11*26 grams of water. 

78. 180 grams of water. 

79. 127 grams of copper. 

80. 28 c.c. of steam. 

81. ,80 vols., viz : — 26 vols, of steam and 4 vols, of hydrogen. 

82. 27i c.c, viz. : — 25 c.c. of steamand 2-} c.c. of oxygen. 
88. 5 litres of oxygen ; 8-064 grams of water. 

84. 864 grams of mercoric oxide. 

98. 68 grams of hydrogen peroxide. 

94. 607 grams of barium dioxide. 

96. 146 grams of HCl ; 68 grams of H.O,. 

96. 144 grams of oxygen. 

97. 94-117. 

105. 4*77 grams; 7*95 grams; 81-8 grams. 

106. 11-16 litres, 22*82 litres, 89*28 litres. 

107. 48*6 grams of manganese dioxide. 

108. 78 grams of hydrochloric acid ; 68 grams of manganoug 

chloride. 

109. 180*6 grams of manganese dioxide. 

110. 85-6 grams; 11-16 litres. 

111. 6*24 grams. 

118. 8-27 grams ; 6-72 grams ; 8-99 grams. 

119. 11-16 litres ; 1*22 litres ; 8-05 litres. 
J20' 117 grama of sodiam chloride. 
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121. 49 gramf of snlphnric acid ; 60 grams of acid sodium 

salphaie. 

122. By weight, 2 grams of H, 71 of Gl ; by Tolome, 22*82 litres 

of each. 

128. 284 grams of NaCl. 
126. 8 grams. 

185. 4*928 grams, 10*841 grams, 19*712 grams. 

186. 22*82 litres, -507 Hires, 2*788 litres. 

187. 48 grams, or 88*48 litres of oxygen. 

188. 200 litres of air. 

189. 44 grams of CO., 16 grams of oxygen remain. 

140. 22*82 litres of CO., 22*82 litres of oxygen reqatred. 

14L 11*16 litres of CO., *84 litres of oxygen remain. 

142. 56 grams of lime. 

148. 219 grams of HOI, 800 grams of marble. 

144. 4*48 grams. 

145. 86 grams of water. 

146. Oalcium earbonate, difference 2*5 grams. 

147. 100 grams of HOI, difference 15*876 grams of 00,. 

148. 2*2 grams of carbon dioxide. 

149. 106 grams of sodium carbonate. 

157. 8*186 grams, 6*899 grams, 9*408 grams. 

158. 22-82 Htres, 5*58 Utres, 89*857 Utres. 

159. 252 grams of carbon monoxide, 18 grams of hydrogen. 

160. 42-85 per cent in 00 ; 27*27 per cent, in 00,. 

161. 11*16 litres, or 14 grams of carbon monoxide. 

162. 1 litre, or 1*97 grams. 

168. 4Tolumesof carbon dioxide ; 2 Tolumes of oxygen remain 
uncombined. 

164. 56 grams of carbon monoxide ; 8 grams of carbon t^miuse^ 
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165. 45 grams of oxalic acid. 

166. 56 gi-ams or 44*64 litres of GO ; 88 grams or 44*64 

litres of CO,. 

167. 42 grams, or 88*48 litres of CO. 

168. 2*19 grams of K^FeO^N^. 

169. '7168 grams, 8*942 grams, 6*092 grams. 

170. 11*16 litres, 1*895 Htres, 7*6725 Htres. 

171. 128 grams, or 89*28 litres of oxygen. 

172. 88 grams of carbon dioxide, 27 grams of oxygen. 

178. 100 litres of air. 

174. 84 litres of oxygen, 400 litres of air. 

179. 8*186 grams, 6*899 grams, 10*66 grams. 

180. *797 litres, 11*16 Htres, 16*74 litres. 

181. 2*86 grams of ammoniom nitrite. 

182. 44*64 litres of nitrogen. 

188. 6*46 grams, 10*98 grams, 12*92 grams. 

189. 22*82 Htres, 5*58 litres, 77*89 litres. 

190. 287 vols, of nitrogen. 

191. 48*26 grams. 

192. The flask containing the eqaal Tolnmes of N and O ; 

difference, 52 milHgrams. 

198. 8*625 grams of carbon. 

194. 17*82 grams of phosphoms. 

195. 46 grams of sulphur dioxide. 

196. 2*875 grams. 

197. 42 Htres of hydrogen. 

198. 100 Htres of air. 

199. 114*28 grams of copper oxide *, 77 grams of nitrogen. 

200. 484-78 kilograms of air. 

209. 1*14 grams, 4*18 grams, 7*61 grams. 
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810. 5-58 Hires, 22*82 Utres, 82*82 Hirei. 

211. 17 grams. 

212. Nitrogen 82-85 
Hydrogen 17*65 

100-00 

218. i Htre of N, li Hires of H ; f Utres of 0. 

214. Water, and 98 c.c. of N. 

215. 89-26 Hires. 

216. 2*896 grams of NH^Ol. 

217. 56 grams of nitrogen, 108 grams of water. 

218. 68 grams of ammonia. 

219. 44-64 Hires of ammonia, 182 grams of ammonium snlphaie. 

220. Hjdrochlorie aoid requires the larger qoaniiiy. The 

difference is 19*59 grams. 

228. 7-056 grams, 15-528 grams, 28-224 grams. 

229. 11*16 Hires, 22-82 Hires, -854 Hires. 

280. 15i pounds. 

281. 24-5 grams. 

282. 28*67 grams of potassium. 

288. 20 grams of caustic soda ; 42-5 grams of sodium nitrate. 

240. 4*928 grams, 14*784 grams, 19*712 grams. 

241. 1116 Hires, 16*74 Utres, *507 Hires. 

242. 1*52 grams. 

248. 7 Hires of nitrogen. 

244. The 10 Hires are increased to 15 Hires. 

245. 8-584 grams of oxygen. 

246. 11 grams of CO «; 22 grams of nitrous oxide. 

247. 8 grams of SO, ; 5*58 Hires of free N. 

248. 8 grams of carbon. 

249. 220 grams of nitrous oxide. 
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250. 11*16 litres oi H, and 9 grams ot water. 

251 . 4*5 grams of water. 

252. 14 grams, or 11*16 litres of N. 
258. 5*5 grams of nitrons oxide. 

254. 8*584 grams of ammonium nitrate. 

255. 11 grams, or 5*58 litres of N,0. 

256. 890 grams of zinc. 

257. 28*686 grams of nitrie acid. 

264. 15 grams, 8*75 grams, 1*844 grams. 

265. 22*82 Utres, 5*58 litres, 74*4 litres. 

266. 80 grams. 

267. 58*88 per cent. 

268. 62 grams of phosphorus. 

269. 15 grams of nitric oxide^ 5*^8 litres of nitrogen. 

270. 111*6 litres of nitric oxide. 

271. 126 grams of nitric acid. 

272. 95*25 grams of copper, 281*25 grams of copper nitrate. 
278. *8149 grams of nitric oxide. 

290. 8*808 grams, 8*877 grams, 15'282 grams. 
^1. 22*82 Htres, 5*58 Utres, •656 Htres. 
292. 48*26 grams. 
298. 6 grams, or 66*96 litres of hydrogen. 

294. Iron 68*64 
Sulphur 86-86 

100-00 

295. 8*5 grams, or 5*58 litres of H^S. 

296. 11 grams of ferrous sulphide. 

297. 294 grams of sulphuric acid* 

298. 18*25 grams of hydrochloric acid. 

299. 16*74 litres of oxygen. 
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aOO. 4 25 grams of H^S. 

801. 16 grams of SO 3, 4*5 grams of H^O. 

802. 8*82 grams of copper sulphide. 
808. 27*2 grams of zinc chlorif^^ 

804. 6-8 grams of solpharettea hydrogen. 

805. 17*75 grams of chlorine ; salphor, 8 grams ; hydrochloric 

acid, 18*25 grams. 

816. 82 grams, 2*867 grams, 16 grams. 

817. '528 litres, 2*79 litres, 8*66 Utres. 

818. Air, 7*21 grams ; carhon dioxide, 11 grams. 

819. 1 gram of oxygen ; '697 litres of sulphur dioxide. 

820. 15*875 grams of copper. 

821. 24*5 grams of sulphuric acid. 

822. 2'56 of sulphur dioxide. 

828. 6*4 grams of sulphur dioxide ; 29*6 grams of mercuric 
sulphate. 

824. 64 grams, or 22*82 litres of SO, ; 22 grams, or 11*16 

litres of CO ^. 

825. *9 grams of water. 

826. 128 grams of sulphurous acid. 

827. 5*58 litres of oxygen. 

828. 68 grams of sodium sulphite. 

829. 8*2 grams of sulphur dioxide. 

880. 81*5 grams of sodium sulphite. 

881. 48*4 grams of harium sulphite. 

882. Sodium sulphate, 71 grams ; sodium chloride, 58*5 grams ; 

sulphur dioxide, 82 grams. 

844. 2*79 litres of oxygen ; 20 grams of sulphur trioxide. 

845. Sulphur, 40 ; oxygen, 60. • 

846. 20 grams of sulphur trioxide. 

847. 1*225 grams of sulphuric acid. 
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848. 24*5 grams of salphorio aoid. 

849. 160 kilograms of solphnr. 

850. 806*25 pounds of salphorio aeid. 
861. 294 tons of sulphorio aoid. 

852. 82 per eent of sulphur. 

868. 46*6 grams of barium sulphate. 

864. *98 grams of sulphuric acid; 8*08 grams of barium 

chloride. 

865. 4 grams of caustic soda, 5*6 grams of caustic potash. . 

856. 11 grams, or 5*58 litres of carbon dioxide. 

868. (a) Potassium 88*61 

Nitrogen 18-86 
Oxygen . . . 47*5 8 

100*00 

(6) Barium... 58*80 
Sulphur... 18*78 
Oxygen ... 27*47 

100*00 

(e) Nitrogen 21*21 
Hydrogen 6*06 
Sulphur 24*24 
Oxygen... i8*49 

100*00 

(d) Copper... 88*87 
Nitrogen 14*98 
Oxygen... 51*20 

100*00 
892. 844,620 grams of water. 
898. 8446*2 grams of water. 
894. 2*5 grams oi hydrogen. 
B05. ^400 grams of water. 
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B96. 8010 grams of water. 

897. H,0,. 

898. MiiaO^. 

899. GaCOs. 

400. NaCl. 

401. FeS,. 

402. CuSO^ + 5 H,0. 
408. KNO3. 

404. H.SO^. 
406. NagPO^. 
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OUTLINES OF EXPERIMENTS 

SUITABLE FOB ILLUSTBATIRa 

(Blementar^ |natnt£tt0n in Cbemistrn* 

PBBPABED BY 

H. E. ROSCOE, B.A., LL,D., F.R.S; 
W. J. RUSSELL, Ph.D., F.R.S. 

BT DIBEOTION OF THE L0BD8 OF THE COMMITTEE OF COUNCIL ON EDUCATION 
FOB THE ASSISTANCE OF TEACHEBS OF SCIENCE SCHOOLS AND CLASSES. 



SUBJECT X. ELEMENTARY STAGE. 



The following notes have been prepared as some guide to the teachers as to 
the general character of the course of instruction expected in the elementary 
stage. It includes instruction that should on no account be omitted, but moat 
be considered rather as suggestive than exhaustive. 



I. — Combustion and Chemical Combination. 

1. Bum a taper in a clean glass bottle. Show the presence of a oolourlesa 
gas, differing in properties from common air by yielding a turbidity with lime 
water. 

2. Hold a bright glass over a burning candle and show the formation of water.. 
Explain what is meant by chemical change, and state that chemistry is aa 

experimental science. 

3. Make similar experiments with a petroleum or paraffin lamp. 

4. Show that coal gas also yields the same products by passing the products- 
of combustion through lime water and by collecting the water. 

5. Explain the difference between mechanical mixture and ohemieal com- 
bination; and illustrate by a mixture of finely divided copper and flour of solphitr,. 
and the effect of heat upon the same. 

6. Experiment to show that chemical change consists of a change in the 
properties of matter and that no loss of matter takes place. Suspend lamp- 
chimney, partly filled with lumps of caustic soda, from the arm of a balance. 
Place short piece of candle in the lower part of the glass and counterbalance* 
Light the candle. Explain the increase in weight. 

7. Heat is evolved when chemical combination takes place. Poor water on 
to quicklime. Befer also to experiments 1 and 8. 

8. Combustibles and supporters of combustion. The purely relative character 
of these terms. Ordinary combustion the union of atmospheric orygen with a> 
body termed the combustible, or with one or more of its constituents, heat being 
Jdveloped, as in all cases where two or more bodies combine. lUostrate by 

showing that air will bum in coal gas yosX aa 'well ^« coal gjas will bum in dr. 
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II. — AlE. 

1. Existence of atmosphere, felt in winds. 

2. Weight of air shown by means of a flask exhausted by the air pmnp. 
8. Bnrn phosphorus in air. 

4. Burn phosphorus in confined Tolume of air and show diminution in bnlk. 

5. Show that some diminution takes place slowly when a stick of phosphorus 
is exposed to air at ordinary temperatures. 

6. Test residual gas (N) with a burning taper. 

7. Show that phosphorus burnt in air increases in weight. 

8. Allow iron borings moistened with sal ammoniac to rust in a confined 
Tolume of air and introduce burning taper into residual gas (N). 

9. Show tiiat iron filings, suspended by a magnet hanging on one scale of a 
balance, increase in weight on heating. 

10. Strongly heat the red substance which may be formed by gently heating 
mercury in the air. Collect and test the gas (0) with a glowing splinter of 
wood. 

11. Add the gas thus obtained to the residue obtained in experiment 4 or 8 so 
as to make up the original Tolume of air, and show that a taper bums in this 
mixture as in common air. 

12. Refer to numbers giving exact analysis of air, calling especial attention 
to the fact that it varies slightly in composition. 

Also explain that no obvious change, such as increase of temperature or 
alteration of bulk occurs when oxygen and nitrogen are mixed. Also that idr 
has the properties of a mixture, and that when water is shaken up with air a 
portion of that air dissolves, the residue being found to contain relatively less 
oxygen than the original air, whilst the dissolved portion contains relatively more 
oxygen, and that this could not be the case if the air were a compound. Con- 
sequently it is a mixture and not a chemical compound. 

13. It is important that these experiments should be made and their explana- 
tion given so as to teach the student how the composition of air is ascertained 
by experiment, and in a similar manner how oxygen was discovered by Priestley, 
and how the composition of the air and the part which oxygen plays in the 
phenomena of combustion were experimentally demonstrated by Lavoisier. 

III. — Effects of Animal and Vegetable Life upon the Atmobphebb. 

1. Show that by drawing air into the lungs through lime-water a very faint, if 
any, precipitate is produced ; but that on expiring air from the lungs through 
another portion of lime-water a copious precipitate is soon formed. 

2. Show the production of carbon dioxide by the oxidation of ordinary articles 
of food, as by heating small quantities of the dried substance, such as sugar, 
bread, or meat, with copper oxide. 

8. Show that carbon dioxide exists in the air by pouring clear lime-water into 
a shallow vessel exposed to air, and explain that this small quantity of carbon 
dioxide serves as the main food of the plants that grow on the earth. 

4. Expel air from water by boiling, and explain how fish and aquatic plants 
are thus provided with oxygen and carbonic acid. 

6. Explain that plants eliminate and animals require oxygen. That animals 
take in oxygen from the air, and give out carbonic acid. That plants possess 
the power under the influence of light ot assimilating carbon from carbon dioxide 
and liberating the oxygen. Explain that thus the balance of oxygen and carbon 
dioxide in the atmosphere is maintained. 

6. Illustrate the action of plants by the formation of bubbles of oxygen when 
a fresh plant is exposed to the action of light in water containing carbonic acid 
in solution. 
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IV.— Water. 

1. lUnstrate the three states of matter, the solid, the liquid, and the gaseous, 
with ioe, water, and steam, and point out that the difference is caused by increase 
or diminution in the amount of heat present. 

2. Composition of water. Decompose water by the electric current. Collect 
the two gases separately in a yoltameter, and exhibit their properties. 

3. Show formation of water by explosion of a mixture of hydrogen (two 
volumes) and oxygen (one volume) in a soda-water bottle. 

4. Explode soap bubbles inflated by a mixture of hydrogen and oxygen in the 
above proportions. 

5. Throw potassium or sodium into water, and collect the hydrogen. 

6. Pass steam over red-hot iron, collect the gas and show that it is hydrogen. 

7. Show that the same gas may be obtained by dissolving zinc clippings or 
iron turnings in dilute sulphuric acid. 

8. Demonstrate the properties of hydrogen : 

(a.) Its combustibility. 

(6.) Its lightness. 

(c.) That a candle will not bum in it. 

(d,) That water is formed when it burns in air. 

9. Composition of water. Pass oxygen over red-hot copper, and show by 
weighing before and after that the weight increases. 

10. Pass hydrogen over the copper oxide thus produced, heating gently. 
Collect the water, and show that the copper oxide has been entirely reduced, the 
tube weighing the same as before passing the oxygen through it. 

11. Determine the composition of water by weight by passing dry hydrogen 
over half an ounce of copper oxide, and collecting the water in a weighed chloride 
of calcium tube. Show approximately that water contains two parts by weight 
of hydrogen to 16 parts by weight of oxygen. 

12. Note the first law of chemical combination that chemical compounds, 
such as water, always contain their components in the same unvarying propor- 
tions. 

18. Contrast the properties4,of water with those of its constituents on the one 
hand, and the properties of air, with those of its constituents on the other. 

14. Call attention to air and water as illustrations of the difference between a 
mixture and a compound, and quote oxygen, nitrogen, and hydrogen as examples 
of elementary bodies. 

15. Separation of impurities from water by filtration and distillation. Pre- 
paration of fresh water from salt water. 

16. Experiments illastrating solution and crystallization. Soluble substances, 
as sugar, wasbiug soda, alum ; slightly soluble substances, as gypsum or plaster 
of Paris ; insoluble substances as chalk, flint, and sand. 

17. Crystallize carbonate of soda, and sulphate of copper 

V. — Oxygen and Ozone. 

1. Prepare oxygen by heating — 

(a.) Oxide of mercury. 
(&.) Potassium chlorate. 

(c.) Mixture of potassium chlorate, and either manganese dioxide, 
copper oxide or ferric oxide. 

2. Show the re-ignition of a splinter of red-hut wood and glowing wick of 
taper. 

3. Bum charcoal in oxygen, and show the formation of carbon dioxide. 

4. Bum phosphorus simultaneously in air and in oxygen. 
£f^ Bum watch spring in oxygen. 
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6. Show that iron does not rust in dry oxygen. 

7. Ozone, — Describe and demonstrate the formation of ozone by submitting 
oxygen to the silent electric discharge. 

8. Describe and demonstrate the properties of ozone which distingnish it 
from ordinary oxygen, snch as its action on metallic mercory, on indigo solation, 
or on potassimn iodide and starch. Also its change to ordinary oxygen when 
passed through a heated glass tube. 

9. Explain the difference in density between oxygen and ozone. 

VI. — Combining Weights; Names and Symbols of the Elements; 

Chemical Calculations, &o. 

1. Exhibit list of the elements, distinguishing (by means of the type) the non- 
metals from the metals ; and, again, the more commonly occurring metals from 
those which are rarer. 

2. Describe the occurrence of these elements in the air, in the sea, and In the 
solid crust of the earth. 

8. Write up the results of the quantitative analysis of potassium chlorate. 
Explain that this is the result of experiment, and demonstrate the fact that, 
when heated, an unalterable weight of oxygen is given off and a given unalter- 
able weight of potassium chloride remains behind. 

4. Dissolve a crystal of pure chlorate of potassium, and the residue of chloride 
from heating chlorate, in two separate glasses, and show the difference in the 
reaction with silver chloride. 

5. Explain the meaning of the term chemical symbol, and chemical formula 
of a salt, referring afterwards to the combining weights of the elements. 

6. Explain the mode of determining the formula from the percentage com- 
position. 

7. Method of calculating the quantity of oxygen from potassium chlorate (and 
from manganese dioxide). 

VII. — Acids, Bases, and Salts. 

1. Bum sodiam in oxygen ; dissolve the product in water ; give the formula 
of the oxide. Express the action of water upon it by an equation. 

2. Act on water with sodiim, and collect the dydrogen. Explain by equation 
that the same substance, sodium hydrate or hydroxide, or caustic soda, is 
formed, as in Experiment 1. 

8. Burn sulphur in a current of oxygen and show that the product fumes slightly 
in the air. Explain that it is a mixture of sulphur dioxide and trioxide. Pass 
the gas thus obtained into water. 

4. Add litmus solution to the solutions thus obtained in Experiments 2 and 8, 
and show that on adding the one solution to the other the colour is changed, or 
a point is reached where a further addition of the one has no effect, whereas a 
minute addition of the other at once changes the colour. Explain the action by 
an equation. 

5. Explain that the compound formed from the sodium oxide and water is 
termed an alkali, or alkaline, or basic hydroxide, and the oxide from which it is 
formed an alkaline or basic oxide ; that the compound formed from the sulphur 
dioxide and water is termed an acid hydroxide or acid, and the original oxide an 
acid forming oxide or anhydriile. 

6. Explain that sodium hydroxide and sulphurous acid maybe taken as repre- 
sentative of the two classes into which hydroxides are divided. 

7. Explain that by the action of the one upon the other a salt is formed. 
E]^bit a white crystalline salt, e,g* sodium sulphate. 
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VIII. — Htdroqbn. 

1. Prepare hydrogen by the action of dilute salphuric acid on zinc. 

2. Show that it is not obtained by the use of pure zinc (amalgamated zinc is 
best used), and illustrate the effect of imparity by adding a drop or two of a lead 
or copper salt. 

8. Prepare hydrogen by dissolving zinc or alnmininm in sodiom hydroxide. 

4. Point out that whereas sodium displaces hydrogen from water at ordinary 
temperature, and that iron does so at a red heat, copper is without any action 
at any temperature. 

5. Give equations for the various methods here indicated for obtaining 
hydrogen. 

6. Explain fully in detail the methods of chemical calculation and make the 
pupils thoroughly understand the methods of calculating quantities. 

7. Demonstrate the physical properties of hydrogen, especially its lightness 
and diffuflibility. 

8. Compare the heating powers of jet of hydrogen burning in air and in oxy- 
gen. Explain the difference. 

9. Describe and (if possible) demonstrate the construction and use of the 
oxhydrogen blow-pipe. 

10. Explain what is meant by heat of combustion, and define the term ** heat- 
unit." Show for this purpose side by side 18 grams of water and the quantity 
of water which would be raised 1^ 0. in temperature by the heat developed in 
the formation of this quantity of water from its elements. 

11. Point out that hydrogen is a powerful reducing agent, illustrating this 
by the reduction of oxide of iron. 

12. Show that nascent hydrogen, or hydrogen at the moment of its liberation 
from its compounds, frequently produces effects that hydrogen in the free state 
does not. Babble hydrogen through ferric chloride solution and show that no 
discolourization takes place. Place it in contact with zinc and dilute sulphuric 
acid and the colour disappears. 

13. Explain the term nascent, as applied to hydrogen and other gas at the 
moment of its liberation from one of its compounds, and distinguish between the 
atom of nascent hydrogen and the molecule of free hydrogen. 

IX. — Hydboohlobic Aoid and Chlobinb. 

1. Explain with equation and show the action of sulphuric acid on common 
salt. Collect the escaping gas by downward displacement and show its solubility 
in water. 

2. Hold piece of paper dipped in ammonia solution in the gas. 

8. Saturate water with Uie gas, noting that its volume increases and that 
considerable heat is developed. 

4. Exhibit the effects produced by adding the solution to litmus and to silver 
nitrate solution. 

5. Show that it has no action on indigo, or on a mixture of potassium iodide 
and starch solution. 

6. Pass the gas over red-hot iron and show the production of hydrogen. 

7. Chlorine, — Heat oxide of manganese with the solution of hydrochloric 
acid obtained in Experiment 3, and collect several jars of the escaping chlorine 
by downward displacement. Give the equation. 

8. Pass some of the gas into water. Exhibit the yellow colour of the solution 
and show that it precipitates silver nitrate and bleaches litmus and indigo. 

9. Bum a jet of hydrogen in chlorine. Show the disappearance of the yellow 
coloured gas. 
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10. Moisten some paper with a few drops of turpentine and throw it into ajar 
of chlorine. Point oat the formation of hydroohlorio acid and the deposition of 
carbon. 

11. Explode a mixture of eqaal volumes of hydrogen and chlorine. 

12. Point out how these experiments show that the gas produced in Experi- 
ment 1 is a compound of chlorine and hydrogen. Give the symbol and atomic 
weight of chlorine, and state the composition of hydrochloric acid gas by weight 
and Tolume. 

13. Explain the production of chlorine from common salt, sulphuric acid, and 
manganese dioxide. Give equations, and instruct the students in the calculations 
of quantities. 

14. Show the combustion in chlorine, of phosphorus, antimony, and copper, 
and demonstrate its power to displace bromine and iodine from their compounds 
with metals. 

15. Electrolysis of hydrochloric acid solution and explain the fact of the oto- 
lution of equal volumes of its constituent gases. 

16. Explain the bleaching action of chlorine as being due to the readiness 
with which it combines with hydrogen and that it thus acts as an oxidizing 
agent. In illustration of this, show that a piece of dry turkey red cloth when 
placed in dry chlorine is not bleached. 

X. — Nitrogen and Ammonia. 

1. The production of nitrogen from the air and the examination of its pro- 
perties may here be repeated. 

2. Describe and (if possible) demonstrate the production of ammonia by 
passing sparks from an induction coil or electric machine through a mixture of 
nitrogen and hydrogen. Explain that the reaction is not complete unless the 
ammonia is witiidrawn as it is formed, owing to the fact that ammonia is readily 
decomposed by heat. 

3. Prepare ammonia by heating an ammoniacal salt with slaked lime. Collect 
by upward displacement and over mercury, and show extreme solubility in water. 

4. Demonstrate and explain its combination with hydrochloric acid, and show 
the volatility of sal ammoniac. 

5. Show that the aqueous solution of ammonia behaves in the same way as a 
solution of sodium hydroxide, turning red litmus blue, neutralising acids, and 
forming precipitates in solutions of metals (copper, iron and zinc salts, for 
example) of the same composition as those produced by sodium hydroxide. 
Explain that on this account it is considered that the ammonia solution con- 
tains ammonium hydroxide. 

6. Pass dry ammonia gas over red hot copper oxide and show the production 
of water and metallic copper. 

7. Pass air and ammonia gas simultaneously over red hot copper as a method 
of preparing nitrogen. 

XI. — NiTBic Acid and the Oxides of Nitbooen. 

1. Explain on the blackboard the composition by weight of the five distinct 
oxides of nitrogen as illustrative of the law of chemical combination in multiple 
proportions, and as a deduction from this, explain Dalton's atomic theory and 
state clearly what is meant by an atom. Demonstrate with a series of blocks 
labelled with the symbols of the different elements how this explains the 
observed facts of combination in multiple proportions. 

2. Make clear to the student the difference between atom and molecule, and 
explain atomic weight and molecular weight of (1) hydrogen ; (2) oxygen ; 
ozone ; (8) chlorine ; and then of compounds such as (4) hydrochloric acid ; (5) 
water; (6) ammonia. 
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8. Describe and (if possible) demonstrate the formation of the red nmes oi 
nitric peroxide on passing an electric spark through air. 

4. Preparation of nitric acid from nitre and sulphuric acid. Explain the 
reaction by an equation. 

5. Calculation of quantities to be carefully gone into. 

6. Exhibit nitre, nitrate of soda, sulphate and bisulphate of potash, and 
sulphate and bisulphate of soda. 

7. Show the oxidizing action of nitric acid by dropping it on to some red hot 
charcoal. 

8. Oxidizing action of nitric acid on metallic tin and metallic copper. 
8a. Deflagrate mixture of nitre and charcoal. 

9. Show the decomposition of nitric acid when heated by dropping it into the 
bowl of a clay tobacco pipe, the stem of which is strongly heated, collecting the 
gas over water and testing with a flaming splinter of wood. 

10. Heat potassium nitrate and collect the gas (0). 

11. Prepare nitric oxide from residue in experiment 10 by treating with dilute 
sulphuric acid. Explain decomposition of nitrous acid into nitric oxide and 
nitric acid. 

12. Prep 'ire nitric oxide by action of nitric acid on copper turnings. OoUeet 
the gas. Explain the reaction. 

13. Exhibit the direct combination of nitric oxide with oxygen. Note the 
formation of red fumes of nitrogen peroxide and their immediate absorption by 
water. 

14. Show that flame of a taper is extinguished in nitric oxide, and that feebly 
burning phosphorus is also extinguished, but that brightly burning phosphorus 
continues to bum, and with greater brilliance than in ordinary air. Explain 
this. 

15. Preparation of nitrous oxide. Neutralise nitric acid with ammonia. 
Evaporate the solution and obtain the solid salt. Show the preparation of 
nitrous oxide with this residue. Collect the gas over warm water. Give 
equation. Explain that nitrous oxide is readily soluble in cold water. 

16. Show that like oxygen, nitrous oxide supports the combustion of a taper, 
and explain that this is caused by the decomposition of the gas, and the union 
of the constituents of the taper with the oxygen of the nitrous oxide, and 
liberation of the nitrogen. 

17. Also show that phosphorus and strongly ignited sulphur burn in the gas, 
but that feebly ignited sulphur is extinguished. Explain this. 

18. Point out the distinction between nitrous oxide and oxygen: (1) the 
solubility of nitrous oxide in cold water, (2) the production of nitrogen when 
bodies bum in it, (3) the fact that nitric oxide does not produce with it red fames, 
as is the case with oxygen. 

19. Prepare nitrogen from ammonium nitrite (i,e. a mixture of potassiam 
nitrite and ammonium chloride). 

20. Explain how, in the above experiments, the gradual deoxidation of nitric 
acid yields the several oxides of nitrogen, and lastly, nitrogen itself. 

XII. — Sulphur. 

1. Exhibit the different forms of sulphur ; flour of sulphur, brimstone or stick 
sulphur, and crystallized native sulphur. 

2. Dissolve sulphur in bisulphide of carbon, and obtain crystals by spon- 
taneous evaporation. Indicate the identity of this form with the naturally 
oocnrnng crystals, and its difference from that obtained by fusing solphor and 

allowing the mass to cool. 
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3. Explain what is meant by allotropic modifioation, and point oat how the 
one form of crystal passes into the other. 

4. Show the effect of heat upon salphnr melted in a flask. Contrast the 
brittle mass derived from cooling the sniphnr after heating slightly above its 
melting point by pouring into cold water, with the plastic mass obtained when 
cooled in the same way from a high temperature. Point oat the changes which 
occur as the temperature rises, and exhibit the red vapour of sulphur. 

5. Show combustion in sulphur vapour. Insert a coil of copper wire into the 
sulphur vapour, and show that combiriation occurs. 

6. Distil sulphur in a small retort. 

7. Pass hydrog<^n through boiling sulphur, and demonstrate the formation of 
hydrogen sulphide by its blackening action on lead paper. 

8. Exhibit ferrous sulphide and galena (lead sulphide). Prepare hydrogen 
sulphide (sulphuretted hydrogen) ifrom the former by the action of dilute 
sulphuric acid. Collect by displacement and prepare a solution of the gas in 
water. 

9. Show the combustible nature of hydrogen sulphide by burning a jar of the 
gas, and point out the deposition of sulphur due to incomplete combustion. 
Demonstrate and explain the decomposition of hydrogen salphide by chlorine, 
and show the deposition of sulphur when its solution is allowed to stand exposed 
to the air and light. 

10. Demonstrate the value of hydrogen sulphide as a means of separating the 
metals into groups, by adding the solution or passing the gas into solutions of 
the various metals, as for example, arsenious acid, copper sulphate, lead 
nitrate, antimony chloride, zinc sulphate, ferrous sulphate, and magnesium 
sulphate. 

Write down the equations in each case. 

11. Prepare sulphur dioxide by heating copper with sulphuric acid and collect 
the gas. 

12. Illustrate the condensation of a gas into a liquid by passing sulphur 
dioxide into a glass tube surrounded by a freezing mixture of ice and salt. 

13. Pass the gas into water and demonstrate the acid properties of the 
solution. 

14. Prepare sulphar trioxide from faming Nordhausen sulphuric acid. Add it 
to water and compare its behaviour with that of the dioxide under similar 
circumstances. 

15. Describe the formation in the above experiment of sulphuric acid, 
explain the properties of oil of vitriol, demonstrating its affinity for water as 
e^ibited by the great heat evolved when the two liquids are mixed. 

16. Explain the barium chloride test for sulphuric acid. 

17. Add barium chloride to a solution of sulphurous acid, and then nitric 
acid. 

18. Explain that in consequence of the readiness with which sulphurous acid 
takes up oxygen it acts as a bleaching agent and as a powerful reducing agent. 

XIII. — Cabbon. 

1. Show the presence of carbon (charcoal) in wood by carbonizing a splinter 
of wood in a test tube ; and in white sugar, by pouring strong sulphuric acid on 
to a syrupy solution. 

2. Describe the properties and modes of occurrence of the three allotropic 
modifications of carbon : (a) the amorphous form (lampblack and charcoal), 
and the two crystalline forms, (6) graphite, and (c) diamond. Describe the 
octohedral forms of the crystal of diamond and show glass or ^Q^\£ksA«^« 
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8. Explain that the same weight of each of these enhBtances when burnt giyes 
the same weight oi the same product (carbon dioxide). 

4. Calculate the weight of carbon dioxide obtained from a giyen weight of any 
one of these forms. 

6. Prepare carbon dioxide by treating chalk or carbonate of soda (washing 
soda) wiUi an acid. Prove that the gas Uias obtained really contains carbon by 
heating a pellet of potassiom in the dry gas contained in a small flask. 

6. Demonstrate the high specific grayity of carbon dioxide by ponring it from 
one vessel to another, and showing that it extinguishes a taper. 

7. Pass carbon dioxide over red-hot carbon in an iron tabe, and show that it 
loses a part of its oxygen and is converted into carbon monoxide, a combustible 
gas, which, on combustion, again yields carbon dioxide. Collect the carbon 
monoxide over water containing caustic soda, and show that the gas does not 
render lime-water turbid. Then burn it, and show that the residual gas does 
possess this power. 

8. Pass carbon monoxide over red-hot copper oxide to show the formation of 
carbon dioxide, and explain the use of carbon monoxide as a reducing agent in 
metallurgical operations. 

9. Explain the changes which take place in an ordinary coal fire. Mention 
the poisonous nature of the carbon monoxide, and state that it is formed in caseB 
of incomplete combustion from insuffioient supply of oxygen. 

10. Mention heat of combustion of carbon, and of carbon monoxide, and 
explain the value of the latter as a fuel. 

11. Explain the reaction which takes place when carbon dioxide is passed into 
caustic soda and into lime-water, and explain the formation of a soluble car- 
bonate in the first, and an insoluble carbonate in the second case. 
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A. 



Acid, definition of, 6^ 

carbonic, reactions of, 46 
hydrochloric, reactions of, 47 
nitric, reactions of, 46 
sulphuric, reactions of, 46 
to detect, 55 

Acids, reactions of, 46 

Air, zp, burning, 29 

AlkalieSj X2, definition of, 64 

Ammonia, preparation of, zg 
properties of, xg 
questions on, loi 

Ammonium nitrate, preparation of, 22 

Anhydrides, 65 

Atmosphere, jiuestions on, 99 

Atom, definition of, 64 

Atomic weight, definition of, 64 

Atomic weights, table of, 63 

Atomicity, ^ 

B. 

Base, x2, 16 

definition of, 64 
Blowpipe, use of, 33 

exercises with, 34 
Borax bead, 35 
Bulb tube, to make, 36 
Bunsen burner, 31 

flame, 32 

C. 

Calcium, reactions of, 38 
Candle flame, 30 
Carbon, questions on, 96 
Carbon monoxide, questions on, 96 
Carbon dioxide, preparation of, 16 

properties of, 16 

questions on, 64 /"'' " 
Carbonic acid, reactions of, 46 
Chlorine, preparation of, 13 

properties of, 16 

questions on, 94 
Combustion, 29 

questions on, 89 
Compound, definition of, 64 
Copper, deposited on iron, 5 

reactions of, 38 
Cork, to bore, 2 



D. 



Dalton's atomic theory, 67 

Definite and multiple proportions, laws of 

chemical combination in, 66 
Density of gases, to find the, 74 
Distilled water, 3 



Element, definition of, 64 
Elements, table of, 63 
Empirical formula, to find, 75 
Equations, summary of, 76 

F. 

Filtering, 8 
Flame-colouring substances, 32 

G. 

Glass tubing, to cut, 2 

to bend, 2 

to draw out, 2 
Group reagents, 48 * 
Groups, of metsils, 48 

H. 

Heat of combustion, 116 

Heat, unit of, xz6 

Hydrochloric acid, preparation of, 15 

properties of, X5 

questions on, 93 

tests for, 47 
Hydrogen, preparation of, 6 

properties of, 6 

auestions on, 86 
es, or hydrates, acid and basic, I2 



I. 



Iron, reactions of, 38 



Lead, reactions of, 38 

Litharge, 34 

Litmus, 10, 12, 20 

Litre, of gas, to find weignt of, 71 

M. 

Marsh gas, questions on, 97 
Mechanicalmixture, 4, 67 
Mercury, reactions of, 38 
Metal, tables to detect, 53, 54 
Miscellaneous questions, xi2 
Mixture and compound, 4, 67 
Molecule, definition of, 64. 
Molecular weight, definition of, 64 
to find, 68 
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N. 

Neutral point, 12, 16, 20 
Nitrogen, preparation of, 18 

propoties of, 18 

questions on, 98 
Nitric Acid, preparation of, 2i 

properties of, 21 

reactions of, 46 

questions on, 102 
Nitrous oxide, preparation of, 22 

properties of, 22 

questions on, 103 
Nitrous oxide and oxygen, to distinguish 

between, 23 
Nitric oxide, preparation of, 24 

properties of, 24 

questions on, 105 



O. 



Oxygen, preparation of, 8 
properties of, 8 
questions on, 87 

Oxides, formation of, 10, 11, 12 

Oxidising flame, 31, 33 

Oxidation, 35 

Ozone, questions on, 89 



P. 



Percentage composition, to find, 69 
Peroxides, questions on, 91 
Potassium chlorate and chloride, 

distinction between, 8 
Preliminary tests for metal, 51 

acid, 52 
Preparation of a solution, 52 
Problems involving quantities by weight, 69 
Proportion, or rule of three, 68 



Q. 



Questions, practical, 55 
theoretical, 84 



R. 

Rational formulae, 75 
Reactions of metals, table of 38 

acids, 46 
Reducing flame, 31, 33 
Reduction on charcoal, 34 
Results, how to write down, 60 
Retort, to fill, 21 

S. 

Salt, definition of, 64 

formation of, 65 

common, preparation of, 14 
Separation of potassium chloride and 

manganese dioxide, 12 
Silver, reactions of, 38 
Specific gravity of gases, to find the, 74 
Sulphur, questions on, 106 
Sulphurretted hydrogen, preparation of, 25 

properties of, 25 

questions on, 106 
Sulphur dioxide, preparation of, 27 

properties of, 27 

questions on, 109 
Sulphur trioxide, questions on, 1x0 
Sulphuric acid, questions on, no 

reactions of, 46 



T. 



Table A, 53 
B,54 

Turpentine, 14 



V. 



Volume given, of gas, to find the weight 
of, 71 

Volume, to find the resulting, firom com- 
bination of gases, 73 

Volumes, on the law of, 71 

W. 

Wash bottle, to make, 2 
Water formation oU 7 

questions on, 89 
Weight given, of gas, to find the volume, 73 



THE END. 
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